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OIL OF CLOVE

Summary: Toxicological Information

Oral toxicity studies of clove spice or clove oil seem not to hav.e been
undertakeﬁ, however toxicity studies are .reported for eugenol which

is the major component of clove oil. ~The rat LDy for pure eugenol
administered orally ranges from 1930 mg/kg (166) to 2680 mg/kg (177).
The major physiological features associated with the toxic condition .
produced in these animals inclu'ded both lower jaw amd hind leg paralysis.’
The.forelimbs seemed to remain unaffected except when general prostration
or coma ez}sued. Animals surviving the acute sympt:orhs continued‘to
show impaired hind leg function, lethargy, and urimary incontinence

for several days. Microscopic examination of various tissues suggested
that eugenol toxicity results from circulatory collapse which in turn

leads to a general tissue congestion. (166)

Oral LDSO's for mouse and guinea pig (64) are 3000 and 2150 mg/kg
» respectively, while for eugenol administered intraperitoneally, the

mouse LDgq is 500 mg/kg. (20)

In dogs the oral LDy, was found to be approximately 500 mg/kg at which
levels ''vomiting frequently occurred along with marked motor dysfunc-
tion, primarily of th'e hind limbs". (103) Other dogs in this study were
able to tolerate repeated daily oral doses of eugenol at the 200 mg/kg
level (ten exposures over a three week pez;iod) without developing any

of the aBov_e toxic sym_ptdms, suggesting to these inv.estigators the ab-

sence of any cumulative effects. (103)

.
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However, in rats which had received but four daily doses of eugenol

at 1/3 the LD 0 value (approximately 1000 mg/kg), "mild liver lesions"

5
were‘ found upon autopsy of the animals. These lesions were character-
ized by "slight discoloration, mottling and blunting of the lobe edges'’;
(177) thus there is a possibility that similar histopathological changes

had occurred in the dogs without becoming outwérdly manifested dur-

ing the observational period.

The irritant effect of ingested eugenol on the gastro-intestinal tract

was determined by in vivo studi es on dogs, originally carried out for

the purpose of identifying an accessible, sensitive carcinogen-receptive
site. (72) In initial studies of a dozen compounds tested, clove oil and
eugenol were the two most effective topically applied substances in

. stimulating the productioh of gastric mucous in Heidenhain-'pouch dogs.
Clove oil and especially eugenol (5% emulsion) were found to stimulate
the production of large volumes of alkaline secretion(71, 73) while acting a:s
powerful desquamatory agents leading to the impairment and often to the
complete destruction of the mucous barrier. Signiﬁcantly,v?ithin thirty-
six hours following removal of eugenol frorh the site,’ the mucosa of
these animals was found to be completely and smoothly resurfaced with

new squamous cells, (72, 167, 169)

In a study similar to the above, it was found that keeping any of the |
spices (nutmeg, sage, clove, etc. } in direct contact with the gastric
mucosa for up to three hours produced "little or no change'. However,
an aqueous or oil suspension of cioves as well as a suspension of eugenol

applied topically to various sections of the gastric mucosa,did produce
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certain changes which were due either to irritation of the whole
mucosa or to stimulation of the mucous secreting cells, The changes
associated with the former varied from edema and congestion to

necrosis., (154)

- Because the initial destruétion of the mucous surface stimulates the
production both of an alkaline gastric fluid and layers of new squamous
cells, eugenol and certain eugenolates were found useful in the treatment
of experimentally produced stomach ulcers. In one such study (193)
acute peptic ulceration was produced with massive doses of histamine in
a grdup of guinea pigs protected by an anti-histamimic, promethazine
hydrochloride. A second group similarly stressed received in

addition an oral dose of sodium barium or calcium eugenolate which
prevented or significantly reduced the severity of ulceration. The
eugenolates were found to be more effective in this regard than eugenol (193)
which may be due to some combination of factors, imcluding the
increased solubility of the former in the gastric ﬂpid', the release

rate of the frece eugenol, and the acid-neutralizing power of the alkaline |
jons. While it is not clear what precise role is played by the cations,

it_. has been established that neither calcium nor magnesium ions are

involved in the desquamatory process. (93)

The desquamatory action of eugenol may be non-specific since, as
observed in the albino rat; it was found to impair beoth gastric leucopedesis
and mast cell diapedesis. The same effects are also induced by

histamine dihydrochloride. (18)
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- Eugenol was found to have an effect on several liver enzyme systems,

A 50% inhibition of o-aminophenol glucuronide by liver slices was obtained

with a eugenol concentration of 2 pg/ml in the incubation solution,

while at a concentration of 200 pg/mg or more the activity was reduced
to less than 5% of that of the controls. Similarly in in vivo experiments
3 ml of 5% eugenol given to animals resulted in virtwmlly complete
inhibition of glucuronide synthesis in rinsed stomach. Histological
studies of the stomach after this treatment revealed desqua{nation of
the surface at the epithelium, (65) an effect of eugensl already reported

by earlier investigators,

Although able to rapidly produce local irritation, eugenol and iso-eugenol

when applied topically showed no percutaneous absorption within a

two hour period when applied to the intact shaved abdominal skin of the
mouse. In contrast,very rapid absorption was observed with such oils
as geranyl formate, terpineol, thymene, carvone and rue ojil. (119)
Regardless of the absorption rate most of the essential oils produce
more of less severe skin lesions when applied cutameously for a
sufficient length of time; some are used for this pnrp'osé in studies

on carcinogenic processes, In one such study clove cil and eugenol
were applied separately to j:he shaved dorsal skin of mice to determine
whether the irritant effects under certain circumstances might lead

to cancer induction or act as tumor promoting agents. Despite the
fact that both these substances were> extrémely irrifating to the animals'

skin they proved to be inactive as tumor promoting agents., (146)
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One result of the jrritant effect of clove oil as observed in the rabbit
was the acceleration and strengthening of the peristaltic move‘ments

6£ the animals' small intestine. This effect was the same both for the
excised intestine and for the intestine in situ. (168) The reverse
action was found in a study aimed af evaluating a number of essential
oils including clove oil as possible anti-spasmatic agents, Each oil
(as a saturated aqueous solution) was tested against such spasmogens
as adrenalin,acetycholine, BaClZ, histamine, and nicotine, which had
been used in advance to activate the isolated seminal vesicles, duodeum,
ilium, aorta and jejunum of rats, guinea pigs and rabbits. All of the
solutions proved to pave-a "clear anti-histamine action and to inhibit.
nicotinic spasms'. Clove oil in particular showed rmsculotropic
spasmolytic activity but was ineffective against neurotropic spasms

due to acetylcholine. (34)

Eugenol, caryophyllene, b erberiné, and condurangim administered
s.c. or i, v. in singles doses or in successive injections into normal
rabbit had no effect on erythrocyiiie number,leucocyte number,or on
the amount of blood pigment. On the other hand, when administered
to the toluene-diamine anemic rabbit,all of the compounds except

berberine showed definite anti-anemic activity. (97)

Eugenol and several other members of the eugenol series including
cis-isoeugenol and tllrans-isoeugenol,‘ produce a prompt lowering of

body temperature when injected i. p. (as a 5% solution in olive oil)

into mice. On a dose basis of 0.1 gm/kg bodir weight, the maximum
temperature depression-of theso—.c-ombounds was : eugenol 1°C at

40 minutes; cis-isoecugenol 4°C at 30 minutes; traps-isoeugenol 1. 5°C at

20 minutes. (20)
. 5.
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Clove Oil and eugenol show bacteriostatic and baeteriocidal activity

against the bacterial species Eberthella typhosa, Monilia albicans

(7) and are toxic to infusoria consisting of Paramecium caudatum and

Trichomonas vaginalis (ISO). Both eugenol and isoeugenol were also

found to be anti-helminthic agents when tested in vitro against a

number of different animal parasites. They were also effective in

vivo as established from tests made with the oxgures of the white

mouse. (182). Eugenol exhibits some degree of local anesthetic
action in addition to its antiseptic power, and berause of these char-
acteristics is frequently used by dentists for disimfecting root canals,
as a lbcél anodyne for the relief of hypersensitive dentine, of pain
and irritation incident to h.yperemic and inflamed vital pulps, and als
a component of the zinc-eugenol cement employed asg a temporary
filling for carious teeth. (18la). However chem%cal' and histological
studies showed that eugenol and ZnO -eugenol mixtures progressively
removed calcium from sound dentine. It is hypothesized that the
softening of the dentine beneath the mixture.was due to the formation
of the calcium-eugenol complex involving the excess eugenol not

entering into the setting matrix. (149).
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CLOVE and OIL OF CLOVE

Chemical Information

I. Nomenclature (39a, 48a)

A. Common Names
Clove
Clove Oil
Oil of Clove
Clove Bud, 0Oil
Clove Bud, Extract
Cl;ave Bud, Oleoresin
Clove Leaf Oil
Clove Stem 0il
B. Chemical Names
(none)
C. Trade Names
(none)
D. Chemical Abstracts Services Unique Registry Number
Oil of Clove - MX 8000348 .

Clove - 977007796

II. Empirical Formula .

Clove oil, the volatiles obtained by steam distillation of

whole clove, is a mixture of substances, the major components



being eugenol ( 90%), éugenol acetate, caryophyllene and
caryophyllene epoxide, (62a)

Eugenol: C,H.,O

: 12
1 (4-allyl 2-methoxy phenol) 10 2
Eugenol acetate ' C..H O
ge 12 14 3
Ca hyllene: C H
Tyopnytie 15 24
Caryophyllene epoxide: - CISH24O

Among the minor components of the oil are the following

species: (62a)

Methyl Salicylate: C HO

y 4 88 3
Methyl-n-amy Ketone CH O
7 14

Methyl-n-heptyl Ketone: CHO
9 18

Furfuryl Alcohol: 7 C5H602
-Methyl Furfural: CHO

¢ 4 66 2

Recent work has identified coniferyl aldehyde as a constituent of

eugenol containing oils which include clove, pimenta and sassafras (185).

III Structural Formula

o Furfuryl Alcohol Methyl-n-heptyl Ketone
CH,OH n
l I CH3-C-Cq7H;g
wa - Methyl Furfural Methyl-n-amyl Ketone

v
CH;-C-CgH),




Methyl Salicylafe . Eugenol

iso~Eugenol : Emgenol Acetate

OCOCH 3

Caryophyllene Ca.iyophyllene Epoxide
CH3 -
H3C / CHs o T.'?" g /
| . HsC \ CHy
' o
g
H’
: 7/
| H .
CH, . /



IV Molecular Weight

Methyl Salicylate . e 152.14 Eugewol ......... 164,20
Methyl-n-amy Ketone ... 114.20 Eugenol Acetate ..206.24
Methyl-n-heptyl Ketone ,, 142.24 Caryophyllene ....204. 36
Furfuryl Alcchol ,....... 98.10 Caryophyllene

Epoxide ..... 220. 36
a- Methyl Furfural ..... 110...11

V Specifications

A - Chemical
(none)

B - Food Grade (48a)

Clove leaf oil:
Assay. Not less than 84% and not more timan 88%, by
volume, of phenols as eugenol (CwHIZOZ).
Limits of Impurities
Arsenic ('as As). Not more than 3 parts per million (0. 0003%).
Heavy metals (as Pb). Not more than 40 parts per million
(0. 004%).
Lead. Not more than 10 parts per million (0. 001%).
Clove oil

Assay. Not less than 85%, by volurme, of phenols.
Limits of Impurities
Arsenic (as As)., Not more than 3 parts per million (0.0003%).
Heavy metals (as Pb). Not more ihaﬁ 40 parts per million

(0. 004%).
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Lead. Not more than 10 parts per million (0. 001%).
Phenol. Pésses te st,
‘3\ Clove Stem oil

Assay. Not less than 89% and not more than 95%, by

volume, of phenols as eugenol (C

IOHI‘Z 02)°
Limits of Impurities '
Arsenic (as As). Not more than 3 Pirts per million (0. 0003%).
Heavy Metals (as Pb). Not more than 40 parts per million
(0. 004%).
Lead. Notmore than 10 parts per million (0. 001%).
C. Official Compendia

Food chemicals Codex

The United States Pharmacopeia

VI Description

A - General Characteri“stics (48a)
Clove leaf oil:
The volatile oil obtained by steam distillation of the leaves of
Eugenia; caryophyllata Thunberg (Eugenia aromatica (L. )
Baill.). (Fam. Myrtaceae). It is a pale yellow liquid.
It is soluble in propylene glycol, in most fixed oils, with
slight 'opalescep’ce, and relatively insoluble in glyc;erin :

and in mineral oil.
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Clove. oil:

The volatile oil obtained by stea;m distillation from the dried
flower-buds of Eugenia caryophylla'ta Thunberg (Eugenia
aromatica (L.) ﬁaill. ). (Fam. Myrtaceae), Itis a
yellow to light brown liquid with a characteristic clove
odor and taste. It darkens and thickens upon aging or
exposure to air.
Clove stem oil: |
The volatile oil obtained by steam distillation from the dried
stems of the buds of Eﬁgenia caryophyllata Thwmberg
(Eugenia aromatica (L. ) Baill,). {Fam. Myrtaceae). It
is a yellow to light brown liquid with a characteristic odor
and taste. It is soluble in fixed oils, and in propylene
glycol, but it'is relatively insoluble in glycerin and in
mineral oil. | |
B. Physical Properties-“(39a)
Clove leaf oil:
Specific Gravity @ 25°/25°C: 1. 036 to 1. 046.
‘(Correctivon factor from n°/n°: . 60067 per®C.)
Optical Rotation: 0°to-2°
Refractive Inde# @ 20°C: 1.5310 to 1. 5350,
Selubility in Alcohol: Soluble in 2 volumes of 70% alcohoi;
~a slight opaleséénce often occurs when add;ttional solvent is

added.
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Solubility:
Benzyl Benzoate: Soluble in all proportions

Diethyl Phthalate: Soluble in all proportions

Fixed Oils: Soluble often with slight
opalescence in most fixed oils.

Glycerine: Relatively insoluble

Mineral Oil: ~ Relatively insoluble.

.

Propylene Glycol: Soluble in all propo'_rtion.s

Stability:
Alkali: Unstable.
Acids: Fairly stable in presence of

mestly dilute acids.

Clove oil:

Angular rotation. Between -- 1°30' and 0°.

Refractive index. Between 1.5270 and 1. 5350 at 20°.

Specific gravity, Between 1. 038 and 1. 060,

Solubility in alcohol at 20°., Soluble sometimes with slight
turbidity, in1to 2 vol. and more of 70% alcohol. Only
freshly distilled oils are soluble in 2.5 to 3 vol. of
60% alcohol; the addition of more alcohol causes
cloudiness, except in the case of oils with a very
i’xigh percentage qf eugenol. -

Clove stem oil:
Specific Gravity at 25°/ 25°C: I.Mé.to 1. 056,

(Temperature correction factor from n®/n°C =0. 0006 per’ C.).

13-



Optical Rotation: ¥ 0°to -1°30'.
Refractive Index at 20 C: 1.5340 to 1. 5380.
Total Phenols Content: 89% to 95%.

Solubility in Alcohol: Soluble in two and more volumes of 70%
alcohol. '

Solubility:
- Benzyl Benzoate: Soluble in 2ll proportions.
Diethyl Phthalate: Soluble in all proportions.
Fixed Oils: Soluble in all proportions in most fixed oils.
Glycerine: Relatively insoluble.
Mineral Oil: Relatively insoluble.
Propylene Glycol: Soluble inr all‘proportions.
(”‘ ' Stability:

Acids: Fairly stable in the presence of weak organic
acids.

Alkali: Unstable.
C. Stability in Containers, Animal feeds, etc.(482a)
Clove leaf oil:
Discolors rapidly to a brown or even purple shade when
in contact with iron containers. Therefore it should be shipped
preferably in glass, tin lined, stainless steel, or alumil;num
c'ontain.ers. When galvanized containers are uscd a
precipitate may result., Store in full, tight containers inl a cool

place, protected from light.
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Clove oil:
It darkens and thickens upon aging or exposure to air.
Store in full, tight, light-resistant containers and avoid
exposure to excessive heat.

Clove stem oil:
In contact with iron the oil acqui'rés a purplish dark brown
shade. Should be shipped preferably in glass, aluminum or
tin-lined containers. A precipitate may result if galvanized
iron containers are used. Store in tight .full containérs in a

cool place protected from light.

VII Analytical Methods

Identification of eugenol in mixtures by differemce spectrophotometry. (35)

Colormetric estimation of eugenol in clove oil (and other essential

o0ils) by measuring the intensity of the blue color produced by reaction

of eugenol with 2, 6—dichloroquinone chloroimide in iso-propyl

alcohol. (83)

Non-aqueous fitimetry for estimation of total percent phenol

compounds in clove oil. (12)

Chromatographic‘ resolution and identification of components in clove

oil using a fractionel elution proceedure applied to ALZO3 columns, (132)

Specific gravity method for estimation of percent clove oil in

alcoholic extracts. ( 132a)
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VIII Occurrence and levels found in:

A,

Plants
Clove is the dried flower-bud of Eugenia caryophyllata Thunberg
(Fam. Myrtaceae), Clove yields, from each 100 grams, not
less than 16 ml of clov‘e oil. During 1952 a total of 1, 867,560
pounds of unground cloves, and 456, 816 pounds of clove oil
was imported into the U, S. A. from British East Africa,
Ceylone and Madagascar. (62a)
Animals

(none)

Synthetics

(none)
Natural inorganic sources

(none)
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OIL OF CLOVE

Biological Data

I Acute Toxicity

Animal Route Material LD 0 Ref,
- (mg/‘ig)

Rat _ oral * eugenol ' I930 (166)
(albino) ,

Rat oral % eugenol 2680 (64, 177)
(Osborne-Mendel) .. (2420-2970)

Rat oral %% iso-eugenol ¥560 (177)
(Osborne-Mendel) (1290-1880)

Mouse oral eugenol 3000 (64)
_(Swiss) (2400-3750) '

Mouse - i. p. eugenol ' 500 (20)

Mouse i. p. iso-eugenol (cis) 365 (20)

Mouse i. p. iso-eugenol (trans) 540 (20)

Guinea Pig  oral #% eugenol 2130 (64)

(1860-2430)
Dog | oral eugenol 500 . (103)

%  Fasted 24 hours prior to ingestion of eugenol

*k Fasted 18 hours prior to ingestion of eugencl

The pathological changes noted in the rat include the following:

"Paralysis which occurred initially in the hind legs and the
lower jaw., The forelimbs were unaffected mmless general
prostration or coma ensued. In those animals in which the
acute symptoms subsided, the animals remained lethargic,
showed signs of urinary incontinence and fregquently hematuria,
and gave evidence of impaired function of the hind legs for
several days. Grass and microscopic observations of the tissues
suggested that profound changes in fluid distribution had
occurred in response to acute irritation of the gastrointestinal
tract. The net impression of the effect of the eugenol, from
tho microscopic evidence, was essentially that of circulatory
collapse with resultant congestion. (166)"
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II.Short Term Studies

Daily oral doses of eugenol at 1/3 the LD, values fapproximately 1000
mg/kg) given to rats over a four day period produced mild liver lesions.
These were characterized by slight discoloration, mottling ;.nd blunting

of the lobe edges. Under the same experimental regime, no hepatotoxicity
was produced by iso-eugencl. (177) In a parallel study extending over

a thirty four day period,daily doses -lof increésing amounts of eugenol
(initially 1400 mg/kg) were administered orally to male rats. Fifteen

of the animals lived long enough to receive the maximal 4000 mg/kg

dose and eight survived the full thirty four days of treatment. Pathological
findings were as follows; ''Stomach: macrosopic--mucosa of the
forestomach showed coalescent areas covered by thick flaky white material
punctuated by minute ulcers; microscopic—--moderatély severe degree

of hyperkeratosis of the stratifiéd squamous epithelium in the forestomach.

Bone--small degree of osteoporosis, ' (63)

In dogs where the oral LD50 is approximately'SO_Omg/kg, repeated oral
administration at the 200 gm/kg level (10 doses over a three week period)
had no apparent change in the animals' activity and behavior, suggesting
that there was no cumulative effect on the physiology at this rate and

level of eugenol intake. (103)
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III, Long Term Studies

In a‘;sﬁbacute and chronic toﬁcity study of various food flavorings and
thei_i‘ major components, eugen‘bl was fed at 1000 and 10,000 ppm for
nineteen weeks to male and female weanlings -rats. Other groups of
rats were fed iso-eugenol at 10,000 ppm for sixteen weeks. No toxic

effects were noted in these animals during the period of the experiment, (63)
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IV Special Studies

A ngmber of different substances including clove oil and eugenol were
evaiuated as possible in vivo mucosal irritants by topical application

to the pouch mucosa of Heidenhain-pouch dogs. The initial aim of

the investigation was to obtain a sensitive carcinogem-receptive site

for the study of carcinogenesis. It was found that clove oil, and more
effectively eugenol, sﬁmulﬁted the p.roduction of an alkaline (~pH 8)
mucous (71) while acting as powerful desquamatory agents. (167, 169)
"'Successive applications of the eugenol emulsion effected a progressive
removal of the columnar cells from the surface of tﬂne.mucosa and

then from the crypts themselves, until the connective tissue matrix
containing the collecting tubules of the glands was exposed. The
regenerative process cé,n be divided into three stages: (a) a preliminary
resurfacing of denuded mucosa with flat and fusiform-shaped cells,
which is already evident 30-60 minutes after removal of eugenol from the
pouch; (b) the transformation of these new cells into low and tall
columnar cglls; and ('c) the refo;'mation of cr&pts in these areas of
smoothly resurfaced mucosa. 'fhis entire process was found to occur
within thirty six hours following the removal of the mucosa as far down

as the bottoms of the foveolae (72)"
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OIL OF CLOVE

Biochemical Aspects

|

Theidistribution and excretion routes of eugenol fed to rabbits and rats
was;determined using a diazo colori metric proceduare. Depending on
the dose administered, within twenty four hours after peroral intake,
44% to 90% of the eugenol was found to have been absorbed, with the
principal excretion route through the urine. Eugens! was detected in the

blood, lungs, kidneys and liver for up to several houwrs after ingestion. (159)

2] -



OIL OF CLOVE
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THE EFFECT OF EUGENOI, AND OII, OF CLOVES ON THE
GROWTH OI' MICROORGANISMS

Henry A. Barters, B.S,, D.D.S.,* New Yok, N, Y.

PICES and their essential oils have been used sinee antiquity. Ineorporated
in foodstufis, they were the means of inhibiting bacterial fermentations
and thus preventing food spoilage. MeCulloel? reeords that the ancient Egyp-

tians employed spices or their oils in cmbalming.  Molnar? elaims.cloves was first

used about the middle of the sixteenth century to alleviate toothache. Prior to
this time, it had been employed to ‘‘sweeten the breath.”” Tt also was given as a
remedy for gastric disorders and even placed in wounds to aid healing. Such

usage, however, was strietly cmipivieal. Scientifie investigations of these sub- -

stanees eould not be made until sufficient knowlc dge of bacteria and the methods
of experimentation with them had accwmulated. Thus, it was not until 1887
that Chamberland evaluated the antibaeterial properties of a number of es-
sential oils. This author, according to Topley and Wilson,® exposed anthrax
hacteria and their spores to these oils in both gascous and liquid states. ITe
found that cinnamon, majorum, sandalwood, clove, and juniper were the most
effective of the essential oils, Topley and Wilson further report that Cadeae
and Meunicr, in 1889, determined the antiseptic poteney of various essential oils
against E. typhi and If. mallei. It was found that whercas the econtrol mercurie
chloride, 1:1,000, destroyed these microorganisms in ten minutes, oil of ecinnamon
required twelve minutes and oil of cloves twenty-five minutes. Other essential

~ oils destroyed these microorganisms only affer exposure for several days, and

in some instances were cven ineffective alter contact for ten days. The relative
antibacterial potency of various essential oils was estimated by Peek,* 1898, as
follows: eassia, 1:2,100, ceylon cinnamon, 1:2,133, cloves, 1:1,150, bay, 1:1,028,
peppermint, 1:875, cucalyptol, 1:120, and cugenol, no effect. This latter find-
ing, as will be shown later, is crroncous. MaWhinney,® in 1900, obtained in-
cousistent results in his examination of the inhibitive qualities of the essential
oils and concluded that as germicides these ojls were greatly overrated.  Whether
contamination played a role in his conflicting resulls should be givén considera-
tion, :

The preservation of foodstufls by means of spices or their oils was studiced
by Hoffmann and Iivans,® 1911, who observed that cinnamon, cloves, and mustanrd
were all effective as inhibitors of baeterial growth. Fagenol, 1 part per 1,000
anplesauce, prevented spoilage during a fourteen-month period of storage.
Bachmann,® 1916, also studicd the preservative qualities of spiees. and found
eloves, allspice, and cinnamon effective in preventing growth of molds and bac-

*Department of Pathology, School of Dental.and Oral Surgery of the Faculty of Mudicine,
Columbin University.
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teria. This investigator futher noted that baeteria in genceral were less sensi-
tive than molds to these spices and that individual speeies of both groups of
nmicroorganisms varied in their sensitivity. Thus, he found that B. sublilis did
not grow upon an agar mecdium which contained oil of ecloves in a dilution of
1:100, while S. macrescens was only slightly sensitive to its presence. I1°abian,
Kehl, and Little,® 1939, investigated the role of spices in pickled food spoilage
and observed that ground cinnamon and cloves were the only spices that ex-
hibited antibacterial action in low dilution. Oil of cloves was found to restrain
the growth of B. subtilis in a dilution of 1:100 and the Staphylecoccus aurens
in 1:800. Castell,? 1944, also noted that in low dilutions some of the spices,
especially cloves and ecassia, had inhibitory qualitics. IIe doubted, however, if
such dilutions could be used in practieal application. Bullock and Lightbrown,'

-1942, advised the addition of elove oil or einnamon oil to infusions of qun\sm 10

prevent spoilage due to bacterial contamination.

The cffect of essential oils upon pathogenie yeasts and molds has also heen
investigated. Myers and Thicnes,'™ 2 1925, isolaled from patients suflering
with a dermatitis, a yeastlike mieroorganism. In comparison to 1 per cent
phenol, which required sixty minutes to destroy this microorganism, they found
that thymol killed in one minute, ecinnamon oil in thirty minutes, and clove oil in

" ninety minutes. Kingery and Adkisson,'* 1928, tested a variety of pathogenie

fungi against various cssential oils and found the most cffeetive in fungicidal

“aetivity were thymol, oil of cinnamon, and oil of cloves.

Vil of cloves was found to possess a phenol cocfficient of 8.0 by Rideal,

Rideal and Sciver,** 1928. Cinnamon, cassia, senfol, lemon grass, and cloves

were found by Collier and Nitta,'® 1930, to be the most effective of 106 essential
oils tested. Wide variation in the dilution of the oil which inhibited growth
was noted with different bacterial species. Clove oil restrained the growth of
a hemolytic streptococcus in a dilution of 1:1,600, a hemolytie staphylococeus in
1:800, a mixture of five gonococcal strains in 1:1,200, B. coli in 1:800, and the
Vibrio Nasik in 1:600. More recently, Hettehe and Rosenthal,*® 193G, tested
twcnty-four essential oils and observed that the oils of sandalwood, hop, clovce,
and cassia possessed the most potent antibacterial propertics.

A review of the literature pertaining to the antiscptie, anesthetie, and
therapeutic properties of some of the essential oils was made by Petrie,*” 1938.
This author tried various combinations of essential oils as sterilizing and palli-
ative agents in tooth cavities. IFor shallow eavities he advoecated mixtnres of
oils which vaporize rapidly, such as peppermint, lemon, cucalyptus, wintergreen,
and aniseed in 90 per cent aleohol. Deep cavities, he claimed, should first be
painted with oil of citronella and then a pledget of cotton saturated with an
aleoholic solution of oils of lemon, thymol, cloves, and eassia should he sealed

. in the cavity. .

Recently, Shaw, Sprawson, and May,'® 1945, stated that zine oxide with
eugenol destroyed penicillin completely,  Bartels,'® 1946, found that low-unit
dilitions lost most or all of their inhibitory activity toward Sfaphilococus
aurcus when mixed with eugenol zine oxide ecment, but that high-unit con-
centrations, though affected, still possessed definite growth-restraining action.

10‘
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This review of the literature indieates that investigators in the fields of
bacteriology, mycology, medicine, dentistry, and food preservation have found
eertain exsential oils to possess antibacterial properties. (il of ecloves and its
eomponent, cugenol, is one of the more active of these oils.

EXPERIMENTAL

The following methods were employed in testing the antibacterial qualities
of oil of cloves and cugenol : g

1. Agar cup plate. Melted infusion agar was cooled to 45° C. and sceded
with Stephylococcus aurcus or B. coli. Plates were poured and when the agar
was solid, small holes were bored in the center of cach plate with ecither a lipless
test tube or a cork borer. Oil of cloves or cugenol was placed in these agar
depressions. A clear zone surrounding the test substance was indieative of
restraint of microbie growth. '

2. Infusion agar, 100 ml. amounts, was adjusted to pH 6.0, pH 7.0, and
pH 8.0, rcspeétivol,\{. Oil of cloves or eugenol was added {o cach lot to give a
eoncentration of 0.5 per cent. Plates were poured and after solidification, one-
half of the medium was removed and replaced with plain infusion agar of the
same plI reaction. The surface of the medimm was inoculated in parallel streaks
with B. subtilis, Staphylococcus aurcus, BB. coli and I. pyocyaneus. Jach streak
of inoculum was hegun on the plain infusion agar portion and ecarried over onto
the agar containing the clove oil or cugenol.  Antibacterial properties were in-
dicated by the restraint of growth on the clove agar and the plain infusion agar
neighhoring it. (Sce Table I and Figs. 1 and 2.) :

Taviy. I. Tur Everct or Crove O AND KUGENOL 1N AGAR Memuas or DirrereNT PH
REACTIONS

GROWTH INHIBITION IN MM. ZONE ADJACENT TOY

REACTION MICROORGANTSM ° - | EUGENOL AGAR | CLOVES 1 AGAR] | CLOVES 2 AGARYT

pH 6.0 B. subtilis : +4++4 ++++  d4++

H 7.0 B. xuwbtilig ++4++ +44 +4+4
pH 8.0 . B. subkilis +++4 ++4 _ +++

’,

pH 6.0 Staphylococcus aureus + 4+ + ++ ++
pH 7.0 Staphylococecus aureus ++4 ++ +4+4
pH 8.0 Stapliylococcus aureus +++ ++ S ++
pPII 6.0 B, coli +++ ++ ++
pH 7.0 B. cols . ++ ++ ++
pH 8.0 B. coli ++ ++ ++
pH 6.0 . pyocyancus UnafTeeted UnafTected Unaffected
pll 7.0 B. pyoeyaneus Unafeeted [(TnufMected Unalleeted
pil 8.0 B, pyocyancus UnafMeeted {TnfMected Uniefleeted

*Inhibition of 16 (0 20 pne designnted by 164 13 to 15 . by 1445 6 to 10 mnr hy
+4. B, procuancus grew well even upon the partion of medium containing cither the eugenn
or oil of cloves.

$Two manufacturcrs’ brands of cloves.

3. Agar in test tubes, cooled to 43° C., was sceded with various micro-
organisms and poured in plates. Small amounts of cugenol alone or mixed with
zine oxide or zine oxide alone were placed on the surface of the medinm, Zones
of growth inhibition about the test materials indicated sensitivity of the micro-
organisms. (Sce Table II.)
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Tamz IT. EFFECT ON GROWTH OF MICKOORGANISMS OF EUGENOL, Eucsxoxr/nc OXIDE, AND
Zixc OxIbE
= ——
‘ GROWTH INHIBITION IN MILLIMETERS®
: FEUGENOL:
MICROORGANIS)T ) KUGENOL LINC OXIDE ZINC OXINE
' Staphylococeus anrcus [ ] ) [
Rlaphylococcus albus 5 4 ]
Staphylococcus citreus 5 5 0
Serralio mareescens ‘
(ol strain) 6 H 0
* (Feb, strain) [} 5 0
Monilia albicans 0 7 0
B. aubtilis ) 35 5 0
E. typhi 9 7 0
K. coli 5 -8 0
B. Friedlinder 4 3 (1]
B. proteus 5 4 0
B. pyocyancus
§Col. strain) 1 1 0
New York University slmm) 1 1 0
(New York State Laboratory strain) 0 0 0

*Arca measured was from the periphery of test materinl to region of colony development.

4. Infusion agar plates were inoculated in parallel streaks with four test
microorganisms mentioned previously. In the eenter of cach streak was placed
either zine oxide or zine oxide with engenol. Interruption of growth along the
streak lines in the vieinity of the test material indicated inhibitory activity. (See
Fig. 3.)

5. Eugenol, 10 per cent, in aqueous suspension, aleoholic solution, or
detergent (oxydon) suspension was added in variable amounts to 10 ml. volunes
of infusion broth, which previously was inoculated cither with Staphylococcus
aurcus or B. pyocyancus.

' RESULTS

The following information was obtained from the preceding experiments:

1. Microorganisms vary in their sensitivity {oward eugenol or oil of cloves.
E. typhi and Monilia albicans (Candide albicans) were affecled to a greater
extent than the other microorganisms tested. B. pyocyancus (s, acruginose)
was the most resistant. Three strains of this haeterium obtained from different
sources (Columbia University, New York University, and New York State
Laboratory) were tested and all showed similar resistance toward oil of cloves
or cugenol. Other studics are being made on this subject.

2 Variation in hydrogen-ion reaction between pII 6.0, pTI 7.0, and pII 8.0
had little effcct on the inhibitory gualities of cither oil of cloves or eugenol.

8. Zine oxide has no apparent antibacterial cffect in the dried state on
microorganisms, Even when added to infusion broth in 1 per cent amounts,
it did not cause destruction of cither Staphylocuccus aureus or B. pyocyancus
during a three-day period of exposure.

4. 0il of eloves or cugenol when mcorporatcd into a paste with /mc oxide
still possesses definite inhibitive properties.

5. Eugenol in aleoholie solution was more effeetive than when suspended in
water or detergent. This no doubt is due to the fact that the aqueous and de-
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tergent suspensions cither sepavate out in the form of globules or sediment at
-the bottom of the tubes of broth, and so act only in a restrieted area of the
broth, allowing growth to oceur in the upper part of the tube.

7. 6. 0Oil of cloves and cugenol were comparable in their antibacterial prop-
crties. Peclt’s observation that cugenol was without eficet was due possibly to
use of an inferior brand of cugenol or fo the presence of a resistant microor-
ganism in specimens of saliva which he employed as inoeulum. - Our results with
‘B. pyocyaneus indicate this latter possibility.

SUMMARY

Bacterial species vary in their individual sensitivity to either oil of cloves
or eugenol. B. pyocyancus (P’s. ucruginose) was markedly resistant. Variation
, in hydrogen-ion concentration had no appreciable effect on the activity of
| elove oil or cugenol. Incorporated in a paste with zine oxide, eugenol, or oil
i of cloves still retains definite antibacterial properties.

REFERENCES

1. McCulloch, E. C.: Disinfection and Sterilization, Philadelphia, 1936, Lea & Febiger,
Pp- 15, 482, and 510
2. Molnar, E, J.: Cloves—Oil of Cloves—Eugenol; Their Medico-Dental History, Dental
Items Interest 64: 521, 662, 745, 8§76, 971, 1042,
3. Topley, W. W, and Wilson, G. 8.: ‘The Principles of Bacteriology and Immunity,
ed. 2, Baltimore, 1936, Willinm Wood & Company, pp. 117.
4. Pack, A. 1L.: The Essentinl Qils and Some Other Agents; Their Antiseptic Value,
Also Their Irritating and Nonirritating Propertics, Dent, Rev. 12: 503, 1508,
§. MaWhinney, I1.: Antiscptics and Disinfectants, Trans. 1llincis State Dent. Soc.,
: pp. 125, 1900,
6. Hoffmann, ', and Fvans, A, C.: The Use of Spices as Preservatives, J. Ind. & Eng.
Chenu, 30 833, 1011,
7. Bachmann, ¥, M.: The Tulibiting Aetion of Certnin Rpices on the Qrowth of Micro-
organismy, o Ind, & Fag, Chen, 82 620, 1916,
8. Fubian, . W, Kehl, G 1%, and Little, N. W.: The Role of Spices in ickled Food
Spoilage, Food Resenrch 41 269, 1919,
9. Castell, C. IL.: Thermophilic Buacteria in Foods and in Various Ingredients Entering
Into the Manufucture of Food, Food Research 9: 410, 1944,
10. Bullock, K., and Lightbrown, J. W.: The Preservation of Concentrated Infusions,
: Quart. J. Pharm. & Pharmacol. 15: 51, 1942,
11. Myers, H. B, and Thicnes, C. 1I.: The Fungicidal Aectivity of Certain Volatilo Oils,
J. A, M. A, 84: 1985, 1025, .
12. Myers, IL B.:  An Unappreciated Fungicidal Aectivity of Certain Volatile Qils, J. A.
. M. A, 89: 1834, 1027,
13, Kingory, L. B., and Adkisson, A.:  Cerlain Velatilo Oils and Stearoptens ax Funyi-
cides, Arch, Dermat, & Syph, 170 400, 1928,
14, Rideal, 8., Rideal, . K., nnd Seiver, Ao Investigations Tuto the Germicidal Powors
and Capillury Activitics of Certiin lssential Oils, DPecfum. Ess, Oil Ree. 10
, 255, 1928,
' - 15. Coellicr, W. A., and Nitla, Y. The Effect of Fthercal Oils Upon Different Species of
.o Bacteria, Ztsehr, f, Ilyg. u. Tnfektionske, 111: 301, 1030,
: 16. Hettehe, II. Q., and Rosenthal, I.: Juvestigntion of the Baetericidal and Bactorio-
.- atatic Aclivity of Velatile Qils, Areh, {, Ilyz. 115! 302, 1936,
17. Petrie, J. M.: The Fssential Oils in the Treatment and Sterilization of Live Dentino,
. Dent. Reenrd 58: 230, 1038,
i 18. Shaw, F. I, Spinwson, L., and May, 11 B.: Use of Penicillin in Dental Pulp Canal
: Therapy, Brit, M. J, 10 553, 190445,
19. Bartels, II. A.: The Effeei of Zine Oxide Fugenol Cement on Ponicillin, A J.
ORTHODONTICS AND ORAL Svaec, 325 344, TG,
. 20. Ruehle, G, L., and Brewer, ¢, M United States Food and Drug Administration
< Methods of Testing Antisepties and Disinfectants, Circulur 198, 1931, U, 8. De-
purtment of Agriculture, Washingtou, 1. (,

.

e ——

——




'13) Hastings, 8. H., Watson, A, T.
(%) Williams, R. B., Anderson, J. D.,
Jr., ANAL. CHEM. 24, 612 (1952).

(14) Lands, S., Machaeek, 'V., Collection
Czechoslov

. Chem. Commmu S, 1
(1933).

(15) Mair, B. J.,, ANaL. Caeu. 28, 52
56).

(19
(18) Mair, B. J., Eberly, P. E,, Li, K,
Rossini, F. D., Division of Petro-

leum Chemistry, 130th Meeting, -

ACS, Atlantic City, N. J., Sep-
t.ember 1956.
(17) Mair, B. J Glasgow, A. R,, Jr.,
Ro-nm, D., J. Research Natl.
Bur. Standcrdl 26, 591 (1941).

Ana|y3|s of Phenol-Containing Volahle

MMTIN I. BLAKE .

AntILESd A Al B

(18) Mair, B. J., Montjar, M. J., Rossini,
F.D Amu, CueuM, 28, 56 (1956).

(19) Prelog, V Seiwerth, R., Chem. Ber.
74, 1 (1941)
(20) Rober Gorham, W. F., J.
éhm P oo 74, 2278 (1952).
(21) Rosnm ., Mair, B. J., Streiff,
A J, H drocarbons from Petro-

leum, " Remhold New York, 1953.
(22) Rytma, A, W, Schxes.sler, R. W,
Whitmore, F. C., J. Am. Chem.
Soc. 71, 761 (1949)
(23) White, J D., Rosge, F J.
Research Natl. Bur. Slmufarda 13,
. 799 (1934).
{24) White, J. D., Rose,F W., Jr., Ibid.,
17, 943 (1936).

School of Pharmacy, North Dakota Agricuffural College, Fargo, N. D.

P Phenol-containing volatile oils are
onalyzed by nonaqueous fitrimetry,
with sodium methoxide in benzene-
methono! as titrant. Dimethyl form-
amide, cacetonitrile, ond ethylenedi-
amine are used as solvents. The
titrations are performed potentio-
metrically with o sleeve-type calomel
and platinum electrode system. A
number of advantages over the con-
ventional extraction procedure are
indicated.

uE phenol content of volatile oils

is usually estimated by extraction
with alkali solution. Guenther (6) de-
scribes the method and its modifications
and points out its sources of error and
weaknesses. The extraction method is
recognized by the official drug stand-

ards (11, 12) for the analysis of several |

phenol-containing volatile oils.

Although numerous procedures in-
volving nonaqueous titrimetry are re-
ported for the analysis of phenolic com-
pounds, little has been done to apply
- these methods to volatile oils.

Cundiff and Markunas (4) report the
successful potentiometric titration of
thymol, a phenol found in thyme oil,
using p)ndme as the solvent. The
'visual titration proved unsuccessful.
- No data were given.

Warner and Haskell (13) successfully
titrated thymol with sodium methoxide
in benzene-mcthanol. The solvent was
butylamine. They emploved a spe-
cmlfy prepared antimony eleetrode and a
glass electrode, A titration curve is
shown but no data are given to indicate
the quantitative nature of the pro-
cedure.

Butler and Czepicl (3) determined

henolic groups in lignin preparations.
I}’hey used an antunony-wtur ated ealo-
mel electiode system and  dimethyl

400 o ANALYTICAL CHEMISTRY

formamide as the solvent. The titrant

was potassium methoxide in benzene-

methanol. Eugenol and isoeugenol,
common volatile oil constituents, were
studied as model compounds. Suit-
able titration curves were obtained.
Guenther and Langensu (9) in a
review article on essential oils recognize
the potential application of nonaqueous
titrations to the analysis of volatile
oils containing phenolic constituents.

This paper reports the successful ti-
tration of certain phenols as pure com-
pounds and as constituents in volatile
oils. A platinum and calomel electrode
system was employed. The solvents
were dimethyl formamide, acetonitrile,
and ethylenediamine. The procedure
has merit as a general method for ana-
lyzing phenol-containing volatile oils.

EXPERIMENTAL

Apparatus. The phenols and vola-
tile cils studied were titrated potentio-
metrically with a Fisher Titrimeter
equipped with a sleeve-type calomel
electrode and a platinum electrode.
A 150-ml. beaker served as the titra-
tion cell and was covered with a piece
of heavy cardboard to protect the
contents from carbon dioxide and
moisture in the air during the titra-
tion. Three holes in the cardboard
cover admitted the electrodes and buret
tip into the titration beaker. A mag-
netic stirrer and a glass-covered stirring
bar were used to stir the solution during
titration. " The titrant was stored in the
reservoir of an automatic buret and in
titration was delivered from a 50-ml.
buret. Titrations were performed in a
ij)ecially constructed hood to protect

e operator from the caustic fumes of
the chemicals.

Reagents and Chemicals.

reagent grade, Merck.

Sodium Im,thoxndc, 0.1N, prepared
as described below,

Sodium,

(25) Willingham, C. B,
Ibid., 37 15(1()1m

(26) Zelinskit, N. D., Kaza,.
Platé, A. F., C'hcm i
(1933).

Reckivep for review June i
cepted November 2, 1957, |
performed as part of the
American Petroleum Inwtir::
Project 6. The material ix ;
dissertation submitted to
Institute of Technology in |,
ment of the requirements fnr Y
dosctor of phuoaoﬁhy by

Jr., holder of a fellowship ur t:
Petroleum Institute Researe h

Qils

Absolute methanol, reu :
Merck.

Benzene, anhydrous, rea:
Merck.

Bexizoxc acid, primary stur

erck.
Ethylenediamine, 95 to It
man.
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Figure 1. Titration of th"

thyme oil

A. In dimethyl formam.s
8. In acetonitrile
C. In ethylenediamine
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Figure 2. Titration of vu:
oil, and buoy oil

A. In dimethy! fur
8. In acetonitrit:
C o In G'hylen(zdm::
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‘ Table L. Analysis of Phenols and Phenol-Containing Volatile Oils o
Phenol or L C Chief
volatile Oil Variety Requirement Solvent % Phenols . Constituent
Thymol NF. X Dimethyl formamide 08.37 2= 0.16 (58 Thymol
thyme oil (red N.F. VII. nl.t.* 20% phenols Dimethyl formamide 28.89 = 0.43 (5) Thymol N
rhyme ol (red) . , phe  Acstopitrile 28.67 = 0.38 &) Thymal
' Ethylenediamine 28.80 == 0.08 (4) '1b) mol
Ingenol UB.P. XV Dimothyl formamide 97.70 = 0.19 (3) Eugenol
'  Acetonitrile 100.15 = 0.15(3)  Eugenol
oil USP. XV plt. 85% phenols . Dimethyl formamide 88.52 + 0.13 (4) Eugenol
Clove Acetonilrile 89.01 = 0.41(3)  Eugenol
_ . Ethylenediamine 89.71 £ 0.15(3) Lugenol
‘intergreen oil USP. XV " nlt. 98% methyl Dimethyl formamide ~ 99.38 = 0.24 (5) Methylsalieylate
Winter te Ethylencdiamine 90.18 £ 0.18(4)  Methylsalicylate
Carvacrol Commercial Dimethyl formamide 100.05 =+ 0.35 54) Carvacrol
Acetonitrile 100.57 + 0.23 (4) Carvacrol
. - Ethylenediamine 89.57 & 0.43 (4) Carvacerol
Origanum oil Commercial 63-74% phenola Dimethyl formamide 74.57 £ 0.07 (3) Carvacrol
) : Acetonitrile 74.44 =+ 0.40 (3) Carvacrol
. Ethylenediamine 76.14 =% 0.06 (3) Carvacrol
Ray ofl " NFRX 50-859% phenols Dimethyl formamide 63.86 =% 0.35 (5) FEugenol
: . ] Acetonitrile 64.24 £ 0.46 (4) Eugenol
o Ethylenediamine 63.11 £ 0.22 (4) Eugenol
lroeugenol Commercial -Dimethyl formamide 100.01 = 0.28 (4) Isoeugenol
. - Acetonitrile 99.67 =% 0.42 (4) Isceugeuol
. Ethylenediamine 99.38 == 0.24 (4) Isoeugeuol
* Not lcss than. : .
» Number of determinations.
600
s00} A 600} A
c c
B -]
g_)
%y 300 4l
2500 § a 500
2 o] 2
3 5 3
g s
400}
400f |, . 400
2 4 6 8 10 2 NP
2 4 6 8 10 12

ML. CIN SODIUM METHOXIDE
Figure 3. Titration of methyl salicylate

A. In dimethy! formcamide
C. In ethylenediamine

P Dtlhmcthyl formamidc, technical, Du
on

Acetonitrile, reagent grade, Fisher.

Azo violet (p-nitrobenzencazoresor-
rlnol) indicator solution, saturated soly-
tion in beuzene.

Phenols and volatile oils, varicties
indieated in Table I.

Sodium Methoxide Solution, 0.1N.
Approximately 5 grams of clean so-
divm was added slowly to 100 ml. of
uhsolute methanol in a flask immersed
in an ice bath. After all the sodium
dissolved, 150 ml. mere of methanol
was ndd(,d followed by 1500 ml. of
dry benzene. The soluiion was stored
in the reservoir of an sautomatic
buret protected from moisture and
e ll'])Oﬂ dioxide in the atmosphere.

rior to the titration of a sample, 50
ml. of titrant was transferred from the
Mitomatic buret to the buret of the
titration assembly.,

The sodium necthoxide solution was
sEnedardized against benzoie acid (7).

Procedure.  Approvimately 50 ml.
of golvent wag placed in a 150-ml.
l"llk(‘r A stirring bar was added

ML. OIN SODIUM METHOXIDE

Figure 4. Titration of carvacrol and
origonum oil

A, In dimethy! formamide
8. In acetonitrile
C. In ethylenediamine

and the solution was magnetically
stirred. Three drops of azo violet
indicator solution were added and the

solvent was titrated visually with’

0.1N sodiumm methoxide colution to
the first permanent clear blue color.
Less than 0.05 ml. of titrant was
usually required to necutralize the
acidic impurities of the solvent. Onre
to 2 meq. of the phenol was accurately

‘weighed and added to the titration

beaker. For the volatile oils an amount
was weighed which contained approxi-
mately T 10 2 meq. of the phenolie
constituent. This was most con-
veniently done by placing the oil in a
2-dram  dropper boltle. The system
was weizhed, oil was transfeired by
dropper to th‘, m,r wtion beaker, and the
system was amrin weighed. The solu-
tion, magnetic: l”) stirred, was Litrated
with 0.1V sodinm me thovide s rolution,
using the Vicher Titrimeter ulmppul
with a steeve-type eatomel and platie
num electrode system,  Inerements of

2 4 6 8 10 12
" ML. OIN SODIUM METHOXIDC

Figure 5. Titration of isoeugenol

A. In dimethyl formamide
8. In ocetonitrile
. .C. n ethylenediamine

0.1 ml. of titrant were added in the
vicinity of the end point, The end
point was indicated by the inflection in
the curve obtained by plotting milli-
volts against titrant added. The exact
end point was determined by plotting
AE/AY vs. V (ml.).

DISCUSSION
The standard methiod for analyzing

.volatile oils which contain  phenalie

constituents is by extructing the oil with
aqucous alkali solution and measuring
the amount of extracted material in 2
cassin flask.  According to Guenther
(6), the method was first used by Gilde-
meister for the estimation of phienols in
thyme oil.  Guenther dizeusses the pro-
codure, ifs madifications,  difiicaltiie,
and shorteomings,  ‘The disadvantgpes
have been indicated inoa paper (2) doal-
ing with colorimetric determination of
thymol in thyme oil. -
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and volatile oils investigated.

Typical titration curves in the differ~

ent solvents are shown in Figures 1 to 5.

~ The most basic solvent, cthylencdia-

mine, produced the greatest inflections.
The end point may be obtained from
the curves by inspection. Phenols are
too weak to titrate in water, but they
behave as weak acids in ethylenedia-
mine. Although the inflections are not
so marked with dimethyl formamide or
acetonitrile as the solvent, the end point

is readily obtained from a differential .

plot or even by inspection—for example,
isocugenol.

Titration curves for thymol and
thyme oil, the chief phenolic constituent
of which is thymol, are shown in Figure
1. Thyme oil (red varicty), N.F. VIL
(20) (containing not less than 209, phe-
nols), was used in this investigation.

- According to N.F. X (11) thyme oil must

contain not less than 409, phenols to
meet official requirements, The results
using the three solvents are in excellent
agreement. The determination of thyme
oil in dimcthyl formamide by the pro-
cedure described was reported in an ear-
lier paper (£). A colorimetrie method,
the conventional procedure, and the ti-
trimetric analysis yielded comparable
results with the red and white varictics
of thyme oil.

Clove oil, bay oil, and ecugenol (the
main constituent in clove and bay oils)
show similar titration curves (Figure 2)
in the three solvents. The curves for
eugenol and isocugenol (Figure 3) com-
pare favorably with those shown by But-
lerand Czepiel (3). The resultsin Table
I for cloveand bay oils and the nature of
the curves demonstirate the applica-
bility of nonaqucous titrations to the
analysis of volatile oils of this type.

65% phenols.
Wells, as reported by Guenther (S),
§9.3% of the phcnol content is cugenol,
while the remaining 10.7%, is chavicol
{p-allylplicnol). The calculntion of phe-
nol content in bay oil shown in Table I
is based on eugenol.

Methyl salicylate is the principal con-
stituent of several volatile oils {winter-
green oil, sweet birch oil) or it may be
prepared synthetically. Phenolic es-
ters of this type were successfully ti-
trated as weak acids in ethylencdiamine
by Glenn and Peake (6). Typical ti-
tration curves in dimethyl formamide
and ethylenediamine are shown in Fig-
ure 3.

Titration curves for origanum oil
and carvacrol are shown in Figure 4.
Origanum oil contains 63 to 745, phe-

. nols (7) consisting mainly of carvacrol.
Isoeugenol occurs in varying concentra- -

tions in a number of volatile oils. Typi-
cal titration curves in the three solvents
are shown in Figure 5.

The titrimetric proccdure offers a
number of advantages over the classical
method for analyzing volatile oils which-
contain phenolic constituents. Once
the titrant has been prepared and
standardized, routine analyses can be
effccted in a short time. Sample
weights of less than 1 gram are needed,
whereas the conventional method re-
quires 10 ml.  As volatile oils arc gen-
erally rather expensive, this may be an
important economic consideration. Per-
centage content is expressed in terms of
weight in weight rather than volume in
volume. The former is the usual man-
ner for expressing the concentration of
constituents. The accuracy and pre-
cision are supcrior to those obtainable
by the extraction procedure. No prob-

According to Palkin and

meniscus. or solubility of o
alkali-soluble substances,
Although a Fisher Titiy,, ;
used, any suitable potention, .
be emplo; ed. '
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Automatic Unit for Determination of Volatile
Matter in Coal, Coke, and Char

R. P. HENSEL and S. A. JONES

Research and Development Division, Pitisburgh Consolidation Coal Co., Library, Pa.

» In determining the volatile content
of coal, coke, and char, the American
Society for Testing Molerials desig-
nates a 7-minule heating period at
950° C. with modification of the heat-
ing rate for certoin noncgglomerating
malerials. Conventional manual con-
trol prevents cdose duplication of heat-
ing rates and resulls are often errotic,
The appuratys described permits coss
control of the heating, is sufficiently
flexible 1o be adapted to a variely of

AD2 o AMALYTICAL CHEMISTRY

materials, and automatically controls
the entire operation. It is designed
fo operate with one or two vertical
tube furnaces.

E' N prrewsnNINg the: volatile matter
(. of coals and cokes, the Ameriean
Nocicty for Testine Materials desiznates
 Legrana portion of sample weighed juto
a 10- or 20-ml. plainum crucible and
fowered into au eloctrical vertical tube

-
-

furnace or heated v a puffle te™
Alter a 7T-minute residenec
crucible and contents ar- (!
cooled, and weighed (7). T
conlent is caleulated fron U
loss. .
The shock heating efiect-
above treatment is {oo extrene
Lain types of samples ot
losses accur, These oo
fested by "‘]u"\m* of i
tivles in the hot portion of ©
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EFFECTS OF IHUSTAMINE AND EUGENOL ON CASTRIC
MAST CELL DIAPEDESIS AND LEUCOPEDESIS
IN THE .ALBINO RAT!

Peniman Cavierr. Javes T. Scoums and Ceciuia E. Conrnoy

Evidence was brought by Cambel ct al. (1952) that mast cells
were present in the stomach wall as well as in smears obtained
from the gastric juice of albino rats. The authors concluded, there-
fore. that migration of these cells by means of their amcboid move-
ment occurred [rom the stomach ‘wall into the gastric lumen. It
seemed of intercst to investigate if liistamine or the gastric irritant
eugenol (Hollander and Lauber, 1948) would effect gastric mast
cell diapedesis. Stained smears from the gastric secretion on the
stomach wall were prepared as previously described (Cambel et al.,
1952). ‘ ,

All experiments were conducted on albino rats of the Sprague-
Dawley-1oltznian strain. They were fed Purina Dog Chow ad
libitum. Histamine administration: Fifteen female and 13 male
rats were supplicd with tap water ? ad libitum. The average age
of the animals was 6'weeks at the onset of the experiment, while
their weights ranged from 165 to 240 g.  Daily injections of 1 ml
of an aqueous histamine dihydrochloride solution in a concentra-
tion of 0.040 my. ml. were given over a period of one, two and
four weeks. Totals of 0.28 mg. of histamine were administered
for one weck. 0.56 mg. for 2 weeks. and 112 mg. for 4 weeks.
Eugenol administration: Twelve female and 12 male rats, aged
from 5 to 8 wecks, and weighing from 136 to 190 ¢. at the onset
of the experimcut were used. They were kept without witer sup-
ply and conditioned to drinking from a pipette daily 24 ml. of a
0.1% and 6 ml. of a 1% aqueous eugenol emulsion mixed in a
Waring Blendor according to Kraus and Hollander (1949). Tergitol-
Penetrant * (1 50%) was used to stabilize the emulsion. Eugenol

1 A contribution from the Cancer Rescarch . Lahoratory, University of
Florida, Gaiacsville, Florida.

This investigation was supported by Cancer Rescarch Grant C-976 from
The National Cancer Institute of the National Institutes of licalth, Public
Hcalth Scrvice.

* The water supply of Gainesville is fluorinated to a concentration of 1
part/ 1,000,000. ,

* Tergitol 7 was kindly supplied by Curbide and Carbon Chemical Com-
pany.
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was administered for a one week period and a 4 weeks periad.

The findings in the smears of the non-treated controls were re-
ported previously (Cambel et al., 1952). The smears taken from
the histamine-treated rats showed microscopically a progressive
decrease of the bacterial flora as the period of treatment was aug-
mentesl.  Usually, the numbers of polymorphonuclear leucacytes.
scquamous and columnar cells decreased as compared to those in
pon-treated rats.  In a 1 week histamine-treated rat, lymphocytes
and in a 4-week histamine-treated animal, a few crythrocytes wers
noted. In only one 2-week treated rat were mast cells present,
while in all the others no mast cells or free metachromatic granules
could be detected.

In the smears from the cugenol treated animals a definite de-
crease in the bacterial flora was also noted. The greatest decrease
was observed in the 4-week treated rats. In only one animal could

" polymorphonuclear leucocytes be distinguished among the cellular

debris. No mast cells or free metachromatic granules were seen.

SUMMARY

Histamine dihydrochloride as well as eugenol, as administered
above, impaired both gastric ‘mast cell diapedesis and gastric
leucopedesis (Tomenius, 1947) in the albino rat. Both substances
depressed the bacterial flora in the gastric juice.
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HEypothermic activity in the eﬁgonol Qnd safrol series ' ’}

by M. F. Caujolle and Miss D. Meynier (¥)

(*) Report presented at the Academy of Pharmacy, session of March 30, 1960,

Hypothermia, a constant sign of acute intoxication by phenolic substances, ha
been pointed out by BINET, since 1896, in the symptomatology of accidents trig~
gered by intraperitoneal injection of eugenol in the Dog (4).

puring recent acute toxicity studies in the equnol, methyleugenol and safrol
series we have observed the frequency of hypothermias in the Mouse. Despite
the chemical homogeneity of the various bodies studied, no relationship ap-
peared between acute faxicity and the intensity of thermic drops; this -led us
to a systematic sea;ch of eventual relationships between the structure agd
the hypothermic. activity (5,6,7,8,9).

Por the Mouse, via intrapertoneal route, the toxicity characteristics of tie
twelve bodies studied are grouped in Table I,

TECHNIQUE

We deemed it useful to define the conditions permitting the Qalid utilisatin
of the white Mouse (Swiss variety) for the résearch_undertaken.

In fact one cannot fail to be surprised by the diversity of the values in-
dicated as the central temperature of the Mouse. No doubt thé‘discretion of
certain authors (Ch. RICHET, E. GIEY) of previous years is explained by the
necessity of very fine thermoelectric probes to take, in all objectivity, the
- rectal temperature-of a small mouse, but the disagreements of modern data afe-
®a priori" less evident.

L. THER (14), in his PHarmakologische Methoden,lindicates 36 - 38°C as the
normal temperature of the Mouse. Various researchers, such as 2. AscopI (1),
H. G. BARBOUR and J. TRACE indicate 38.1°%C as a nommal temperature, Actording

to L. P. HERRINGTON, at an ambient temperature of 26.7°C the normal temperature

would be 36.5°C 4+ 1.3°C. ASCODI gives values generally less than 379C; BEMNEDICT
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and his coworkers have insisted on the importance of these divergences, with-
" out supplying an explanation for them (3). | ) |

More recently W. USINGER (15) has again questi§ned ali the daha acquired.
with mice placed on a well defined diet, W. USINGER has establish;d the correl-
ations of ambient temperature gnd rectal temperatures - in neﬁtral metabolic
zone, at an ambient temperature of 30°, the rectal temperature is 35.1°% +
0.73°c; fqr an ambient ten'fperatnre of 25°, the average mﬁal rectal tempera-
ture is 35.9°. W. USINGER ascribed the disagreement between his results and
| .the data.acquired to the inertia of the measuring instruments used.

In some older work W. HEUBNER and W. SILEER (13) pointed out the extreme
thermic instability of the Mouse, whose rectal temperature can vary by 2.2%
during the day (outside temperature 18 - 2o°c); but the same Mouse kept in an
enclosure at 25°, and the animals having adapted to several temperatur; read-
ings without disturbing motor reactions, the rectal tempetature oscillations
during a ten hour interval are less than 0.6° for 75% of the subjects.

Through our own fests we quickly recognized that the simple fact of penning
. a new mouse and ihtroducing the thermoprobe for the first time results in an
appreciable thermic perturbation. A psychic shock takes place,. triggering
defense reflexes resulting in a motor agitation which the restraining of the
animal eliminates only in appearance: the rectal temperature rises.

\1'he physiologists being in disagreement concerning the temperature of the
'iuouse corresponding to the zone of indifferent metabolism, no precise data
appearing concerning the value of the reactional thermic perturbation occurring
- after the introduction of the themmoprobe, we systematically determined on‘
~ 2500 white mice (Swiss), kept at 25 4 1° (NETHEIER and HINZ Thermorapid appar-
atus - 1,3 mm diameter probes):

1. The instantaneous thermometric data a read two and four seconds after
the introduction of the thermocouple;

.

_ 2. The thermometric data b read five minutes after the introduction of the

thermocouple;
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3. The thermometric data c read fifteen minutes after the introduction of
the tbainocouple.

The reading times wre determined: - for the value a in function of the iner-
tia of the measuring instrument used; - for the value b because the temperature
rise generally reaches its maximum at the fifth minuté; - for the value c be-
cause in general the duration of the hypérthermic perturbation equhls at most
eighteen minutes.

suhjected to the same diet,handled in the same conditions, the 2500 mice
tested appeared healthy; all came from the same colony and samples taken at
random produced normal growth curves. We must point out however that no para-
sitologic testing had been done, which is unquestionably.a fault.

The a temperatures showed considerable variations; the value b - a is never
negative, is rarely nil and most often varies between 0.5° and 0.7°, but it
can substantially exceed 1°; the c value is generally very close to a, if
not equal.
| Can the average of the a temperatures measured be considered as the mean
rectal temperature of the Mouse? To confirm this the inertia of the measuring
" instruments should be substantially nil, or at least less than the time nec-
essary for the animal to affirm the reactions which pertuib its central temper-
ature. Given the thermorequlating system of the Mouse (and no doubt also that
of other small rodents), it seems that the knowledge of this central temperature
must remain indeterminate within the meaning of HEISENEERG., However we have
‘observed that miée adapted to rebeaied measurements, i.e. trained mice, exhibit

progressively decreasing thermic reactions.(1

[63

In this connection, the study of nyctothemeral variations of the central

) in 80% of the cases.

temperature of the Mouse could be undertaken; this study is extremely delicate
for the nutritional requirements of the Mouse, which are normally satisfied
in an almost continuous fashion, tend to block the pure nyctothemeral rhythm

gince the animal cannot be kept at ideal rest. In this connection see similar

_ work performed on the Rat by A, HEUSNER (12) and C. H. MARX (11),
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Tables II and III present our experimental results (total of 2500 animals) :
Table IITI shows that the reactional thermic perturbation is all the more in-

'tcnse‘as the animal has a lower a temperature, which is normal.

A; the fifteenth minute the values of ¢ are ideqtical to within less than
10% to those of a in 90% of thg cases and, at the eighteenth minute; in 98%
of the cases. | |

The body of observations we present confimms the conclusions of W. HEUBNER
and of W. SILEER: the Mouse can be used to test hypo- and hyperthermic sub- |
stances on the absolute condition that exact account be taken of the particul-
arities offered by its thermoregulation. All animals must be tested, isplated,
at rest at a well defined temperature, always the same, comprised between 25 +
1° and ?0 + 1°. ghe corresponding a, b and ¢ temperatures must be recorded and
the prodﬁct to be studied must be administered only a minimum-of fifteeg'min-
utes after the insertion of the probe. The effects obtained must be calculated
not with respect to the value b but with respect to the value c.

Comparative tests call for the selection of animals for which the values of
a remain closely grouped. For practical reasons we'used the group for which
the following relationship was satisfied;.

39.9° is less than a is less than 38.6°

The products injected were dissolved at 5% in neutral olive oil; we made
certain that the intraperitoneal injection of 0.2 cc of neutral olive oil
caused no perturbation in the rectal) temperature of the Mouse.

The quantities of products injected were always' less than the infralethal
amount. For each quantity tested the tests involvedizo;,So or 40 animals,

TESTS IN THE EUGENOL SERIES

Eugenol, cis-eugenol, trans-eugenol and dihydroeugenol are all hypothermic
agents with clear and rapid effects, but of variable inﬁensity. These effects,
even at low dosage, are already manifest less than one hour after the ifjection;

their duration, at doses near the index of aggressivity, is maximal in the case

of dihydroeugenol (See Table VI).
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The maximal intensities of these effects can be compared at doses of equal
weight (which are substantially isomolecular), oi m re usefully at equiva;ent
aggressivity, - in this last case the reference dose adopted corresponds.to cne
half the index of aggressivity. Tables IV and V express these resu;ts.

At the limits immediately below the index of agqressivity dihydroeugenol
and eugenol produce extremely spectacular dréps in temperature (See Table VI).

TESTS IN THE METHYL-EUGENOI, SERIES

Hctﬁyleuqenol, cis-eugenol, trans-methylisoeugenol and dihydromethyleugenol
are hypothermic agents; their effects are progressive, they reach their maximum
values after only a fairly long period, but their duration is considerable.

Tables VII, VIII and IX make it possible to compare these effects‘with

those determined by the homologs of the eugencl series.

The h§pothermic a;tivity of the substances of the methyleugenol series being
fairly slow to establish itself fully, it was not feasible to experiment at
doses near the LDy, limit, the times of crisis being furthermore comprised be-
tween one and three days.

In Table IX we group some results observed at doses representing approxi-
mately half the index of aggressivity,

Curves 3 and 4 take account of the evolution of hypothermia in the methyl-
eugenol series. -

TESTS IN THE SAFROL SERIES

safrol, cis- and trans-isosafrols and dihydrosafrol are less toxic than
their homologs of the eugenol and méthyleugenol series, ~ but their times of
crisis are high,

safrol and dihydrosafrol are very little active, on the other hand the two
isosafrol stereo-isomers are hypothermic agents of durable efficacy, though
they take a fairly long time to manifest themselves. Table X indicates the
results obtained with the unit dose of 0.10 g/kg; table XI presents the_ results

corresponding to the administration of half the infralethal dose,which gquan-~

tity is of the order of 0.10 g/kg for safrol and cis-safrol; finally table XII




"{ndicates the results obtained with a AOse corresponding substantially to one !
-fouxth the index of aggressivity for safrol and for the two isosafroles;- !
since the too low toxicity of dihydrosafrol did not permiﬁ comparable expgri- |
mentation, the maximum dose administered did not exceed 0.50 g.

Curves 5 and 6 indic@te the 9v01utio of.the hypothﬁrmia caused by the two
isosafrols.

DISCUSSION

Any temperature drop less thin 1° in absolute value will be considered as
not significant; likewise any observation extendéd beyond six hours is not con-
sidered as valid since the Mouse cannot be deprived of food for more than a
few hours without ceasing to be "normal®,

Taking account of the forementioned reservations, one can witness:

1. The very.small activity, or inactivity, of safrol and'dihydrosafroli,

2. The powerful and rapid, but short lived activity of eugenol and dihydro-
eugenol;

8. The less immediate but more sustained activity of dihydromethyleugenol, of
methyleugenol, and especially of methylisoceugenols and isosafrols. In view
of their low toxicity isosafrols offer a certain practical interest as mild
hypothermic agents with a durable action.

The pattern of hypothermia induced dissociates the eugenol series, which
possesses a free phenol function, from the methyleugenol and safrol series,
which no longer possess a free phenol function. From the structural point of
view it is odd to find that the safrol series, although less toxic, offers a
hypothermic activity just as pronounced as the methyleugenol series, - and
even more pronounced at isotoxic doses. This example, which is far from being
unique, shows the care needed in distinguishing a pharmacodynamic activity and
a toxic aggressivity, even in a homogeneous series.

(Pharmacy and pharmacodynamics fTaboratories, Faculty of Medicine and phamm-
o,

acy, Toulouse).
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TABIE I.

Substance In 24 hours . yndExof " . Infralethal

. aggressi- dose
DMIJM 1D 50 PIM  vity : -
(Xaerber)

kugnuo1 0.40 . 0.50 0.60 0,50 0.40
Isocugenol cis 0.10 0.365 0.60 0.34 0.10
Isocugenol trans 0.20 0.54 0.80 0,54 0,20
pihydroeugenol 0.55 0.83 1.00 0,78  0.55
Methyleugenol 0.50 0.97 1.30 0.85 0.30
Methylisoceugenol cis 0.25 0.535 0.63 0.535 . 0.25
Methylisoeugenol trans 0.25 0.35 0.45 0.35 ' 0.25
nihydrométhyleugenol 0.70 1.25 1.50 1,20 010
satrole | 0.20 #3.50 55 00 1.15 . 0.15
Isosafrole cis 0.75 1.68 2,50 1.25 0.25
Isosafrole trans 0,50 1.28 1.7 1.13 0.50
Dihydrosafrole 1.50 3.45 $.70 2,18 1.00

All doses expressed in g/kg of mouse body weight.

TABIE II. Observations of temperatures a (new animals). Ambient temperature:

25 + 1°,
Temperatures a Percentages
37.0 - 37.2 1.42
37.3 - 37.5 1.44
37.6 - 37.8 11.43
37.9 - 38.1 14,28
38.2 - 38,4 38.88
38.5 - 38.7 : 27.14
38.8 - 39,0 5.41
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Table III.

. values of (b - a) (new animals). Ambient temperaturess 25 4 1°.
Temperatures a Values _(_l_:a—-g_)_ Extreme values of (b-a) -
considered Minima Maxima
37.0 - 3702 1015 005 1.1
37.3 - 37.5 1.05 0.4 1.1
37.6 - 37.8 0.6 0.3 1.4
37.9 - 38.1 0.7 1] 1.4
38.2 -~ 38.4 0.55° 4] 1.2
38.5 - 38,7 0.4 ] 0.9
38.8 - 39.0 0.3 o 0.5

n indicates the population of the growp having had the temperatures

a shown.
TABIE IV, "L
Substances studied at a single dose of 0.10 g/kg.
Bubstance under Maximum observed Temperature drop
study temperature drop (in degrees)
v (in Gegrees) after 1  after 6
‘ . . hour hours
Cis-isoceugenol ‘ 4 in the 30th 3.7 1.2
min,
Trang-isoeugenol 1.5 in the 20th 1.5 0
‘ , min.
Eugenol 1 in the 40th 0.8 4]
- ~ min,
pihydroeugenol 0.9 in the 45th 0.6 0
: min,
TABIE V.

Substances studied at equal doses in g/kg at half the infralethal dose.

Substance studied Quantity used Maximum observed Temperature drop
temperature drop (in degrees);
(in degrees) after 1 after 6
hours hours
Cis-isoeugenol 0.05 1.9 in the 15th 0.3 0
min
Trans-isoeugenol 0.10 1.5 in the 20th 0 (1]
‘ min
Eugenol 0.20 3.9 in the 70th 3.7 1.3 =
_ ) : min
pihydroeugenol 0.25 3.7 in the 30th 2.2 0

min




TABIE VI,

Substance Index of Dose used Maximum observed Temperature drop

studied aggressity (in g/kg) temperature drop after 1 after 6
. -(in g/kg) » (in degrees) hours hours
pihydroeugenol ©0.55 ©.. 0,50 8.6 in the 60th 8.6 . 2.2
min, '
Bugenol 0.40 0,35 5.4 in the 40th 5.2 1.4
min. A

Curwe 1 Intreparitoneal injection of 0.20 g/kg of eugenol. Ordinates:
temperature drops; Abscissae: Time

Curve 2 Intreperitoneal injection of 0.55 g/kg of dihydroeugenol. Ordinates:
temperature drops; Abscissae: Time. .

e

TABIE VII - Substances studied at the single dose of 0.10 g/kg.

Substance .; Maximum observed Temperature drop
studied temperature drop (in degrees);
: (in degrees) after 1 after 6 -
hours hours -
Cis-methylisoceugenol 2.0 in the 1.0 0.9
' 70th min.
. Trans-methyl - ,
. isoceugenol 1.6 in the 75th 1.5 1.0
‘ min,
Methyleugenol 1.1 in the 85th 0.8 5
min
pihydromethyl- 0.9 in the 75th 0.8 0
eugenol min

TABLE VIII ~ Substances studied at the single dose of 0.10 g/kq.

Substance studied Quantity ' Maximum observed Temperature drop

used . .. temperature drop (in degrees);
{ii 3¢in Qegrees) after 1 after 6

hour hours

Trans-methyliso- 0.10 1.6 in the 75th 1.5 1.0

eugenol : min .

Cis-methyliso-~ 0.10 2,0 in the 70th 1.5 1.0

eugenol min.

Methyleugenol 0.15 1.8 in the 85th 1.0 0.8

min ‘
Dihydromethyl- 0.35 1.0 to the 30th 0.9 0
eugenol 4 min
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TABIE IX

Substance studied Quantity .,Haximum observed Temperature drép
used temperature drop (in degrees);
. (in degrees) after 1 after 6
- hour hours
Trans-methylisoeugenol 0.20 7.5 in the 270th 2.8 6.5
CL * min, :
Cis-methylisoeugenol 0.20 6.7 in the 270th 2.4 5.5
Methyleugenol 0.35 5.3 in the 60thmin, 5.3 2.0
Dihydromethyleugenol .55 5.6 in the 90th 4.9 1.7

Curve 3 . Intraperitoneal injection of 0.20 g/kg of methyleugenol,
Ordinates: Temperaturd drops; Abscissae: Time.

Intreperitoneal injection of 0.20 g/kg of cis-methylisoeugenol.
In ordinates: Temperature drops; In Abscissae: Time,

TABIE X - Substances studied at the single dose of 0,10 g/kg

Maximum observed
temperature drop

Substance studied Temperature drop

(in degrees)

. (in degrees) after 1 after 6
‘ hour hours
Cis-isosafrole 5.0 in the 165th min. 3.7 3.8
rrans-isosafrole 2.6 in the 400th min, 0.4 2.4
safrole 1.4 in the 200th min, 0.2 0
Dihydrosafrole 0.6 in the 120th min., 0 0

TABIE XI - Substances studied at equal doses in g/kg at half the infralethal

doée.

Temperaturé drop
(in degrees)

Substance studied Quantity Maximum observed
used temperature drop

(in degrees) after 1 after 6
: hour hours
trans-iscafrole  0.25 4.6 in the 315th min, 1.3 4.0
Dihydrosafrole 0,50 1.5 in the 120th min. 1.0 1.2
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TABIE XII

: : Substance studied Quantity Maximum observed Temperature drop
'I' used temperature drop (in degrees)
: (in degrees) after 1 after 6
hour hours
Safrole 0.30 1.0 in the 260th min, 0.4 0.8
Cis-isosafrole 0.30 ‘6,5 in the 240th min. 3.6 5,0
rrans-isosafrole 0.30 5.8 in the 240th min., 2.2 2.7

Curve 5. Intraperitoneal injection of 0.20 g/kg of cis-isosafrol.
| Ordinates: temperature drops; Abscissae: Time

Curve 6., Intraperitoneal injection of 0.35 g/kg of trans-isosafrol.
Ordinates: temperature drops; Abscissaes: Time.

Translated by Carl Demrick Associates, Inc./ARB/db
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Antispasmodic activity studied on same fifty different samples

PHARMACOIOGICAL STUDY OF ESSENTIAL OILS

by A. M. DEEEIMAS and J. ROCHAT ' ' -
Medical Laboratory, Faculty of Medicine and Pharmacy, Grenoble ‘
Essential oils, at all times used empirically for various therapeutic pur-
poses, have often been the subject of experimental work., Their anti-microbial
(4, 14, 18, 19, 22, 23, 27), cytophylactic (4, 11), narcotic properties in cold
blooded@ animals (5, 12), or yet their power of percutaneous penetration (6, 26)
have been studied in turn. | |
One of us had previously approached the question of their value as anthelmin-

tics (7).

Now, in the course of recent recearch, one of the "in vitre" tests consisted
in observing the activity of essential oils or their components on anterior seg-
ments of Ascaris lumbricoides mounted according to the technique of TOSCANC, RICO
SILVIO REEELIO (25), which corresponds to that of MAGNUS using isolated organs.
We were then struck by the inhibiting action of certain samples on spontaneous
contractions of these preparations. This action could have occurred by means of
the cephalic ganglicns of the Ascaris, but also directly on the myofibrillae of

this Nematode.

Thus we wished to resume this study on the smooth musculature of higher organ-
iams in order to evaluate the possinilities of antispasmodic action in essential
olls and also in an attempt to_elucidate its mechanism of action. Thus cince
'thrce years we have carried out the systematic study of some fifty essential oils
and their components. Here we shall indicate only the results obtained with
essential oils used in the formof saturated waters.

Little pharmacological work has bcen done in this direction., ILet us mention
however the clinical or experimental studies on isolated organs performéd by

MATCH (17), W. SALANT and C. W MITCHEL (24), Al. MUIRHEAD and H. F. GERALD

(20) and x. BOETGE (3), and also those concerning certain components of these
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essences, such as the study of the anesthetiém;ctigzgghof terpenes and their
' gemi-synthetic derivatives (1).

The part of the work reported on here concerns the influence of these sub-
stances with respect to the activity caused by the classical spasmogens on dif-
ferent isolated organs of mammals (ileon, duodenum, jejunum, seminal vesicles
and aorta muscle).

EXPERIMENTAL METH0D

we used the general tecﬁnique, derived from that of MAGNUS (18), makipg use
' of isolated organs,

- The animals are sacrificed by carotid section (Rabbit) or by decapitation
(Rat, Guinea Pig). The organs are removed and rid of their attached tissues,
One of their extremities is held at a fixed point, the other is connected to an
isotonic lever equipped with a scriber. The 20 ml survival physiological bath
in which they are maintained is peculiar to each, with respect to ionic éomposi-
tion and temperature.

In this manner we used fragments of ileon of Guinea Pig, duodenum of Rat and
jejunum of Rabbit maintained in Tyrode liquid at 37°, seminal vesicles of Rat in
the liquid at 32° as prescribed by OHLIN and STROMBIAD (21) for the vas deferens
and spiral shreds of aorta of Rabbit (10) maintained in a KREBS-HE INSEILET
liguid (15) at 37°,

- The choice of each of these organs was determined by the specificity and the

- faithfulness of their responses to the different spasmogens. Thus the various
antagonistic actions were sought on. the ileon of Guinea Pig with respect to his-
tamine; on the duodenum of Rat for acetylcholine and barium chloxide, on the
siminal vesicles of Rat as well as on the aorta of Rabbit for adrenalin and
finally on the jejunum of Rabbit for nicotine.

A first screening was performed on ileon, duodenum ané seminal vesicies of
the Rat. uhen an action was observed, the study was specified for the jejunum

[ 4

and aorta of the Rabbit.

Fromthe beginning we directed our work towards the observation of the anti-

spasmodic activity of these substances by prior contact with the isolated organ.
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The inhibiting effects observed were expre

RS 1T

;;ed in % of amplitude of response
to the spasmogens used before contact with the saturated waters of essential oiis
They were compared with the actions obtained by means of classical antagonists
(Promethazine Chlorhydrate, Atropine sulfate, Papaverin chlorhydrate, Ergotamine
tartrate and Hexamethonium bromide). Each value cited is the average of at least
three observations, | |

PREPARATIONS OF ESSENTIAL OILS USED

The essences were obtained from Etablissements CHIRIS, and each of them was
characterized by its index of refraction and its density. Plate éhromatographs
and dosages of the principal constituents were p?eparéd for the most active of
then, *

Wwe are dealing with essentially liposoluble substances and we must pfovide a
suitable contact with the isolated 6rgan in order to make a valid observation
of their action, This involves the use of homogeneous preparations,

Oour attempts to use alcohol solutions were quickly abandoned, since alcohol
has an action on certain organs. The same occured with dispersions made with
non-ionic tensio-active agents (known to be the least toxic) whose antispasmodic
action is far from negligible.

Nor can we use gummy Julep like for the study of these substances on segments
of Ascaris, for the presence of saccharose in the survival baths of the organs
£hen modifies their spontaneous activity.

At first, therefore; we studied only saturated waters of essential oils, whicl
can be fairly satisfactory for a xreening, but does not make it possible in fact
to compare the activities observed in view of the vefy’low and different solubil.
ities of the constituents. It must also be emphasized that, in these conditiocns,
certain activities may not have been observed since the active principles may be
non-soluble. These saturated waters were prepared according to the A. JONADET
(13) technique, i.e. by contact for 24 hours between 1 ml of essential il and
9 ml of physiological éerum. | )

RESULTS

we have grouped in one table the interesting observations noted during this
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screening,
| Inhibiting actions on the various smooth muscles
o A. Animals
| B. BRat
-\ C. Guinea'Pi.g
D. Rabbit |
E. Organs
F. 8enminal vesicles
| G. modemm
H., Ileon
I. Aorta
J. Jujunum
K. Spasmogens
L. Saturated Waters of Chenopode
M. Of Clove
, Q N. Of Carvi
0. Of Sage
P. Of Thyme
Q. Of Melissa

Ad. = Adrenalin

Ac. Ch, = Acetylcholine up to 20% inhibition 4
from 20 to 40% ” +
from 40 to 60 v ++
above L e ad

Hi. = Histamine
Nic, = Nicotine
Examination of the results obtained shows that: 1) the differen£ saturated
’ : ) '.watergéf éssential oils cited here possess a clear antihistamine actioh, compar-

~

able to that of doses of Promethazine Chlorhydrate near 0,01 to 0.02 ug.

2) All also proved active on nicotinic spasms, and the inhibitions obtained

in thise case were, for the most active, near those produced by cdoses of 300 ug
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of Hexamethonium Bromide.

3) The saturated water of essential oil of Thyme possesses a marked activity
with respect to all the spasmogeﬁs used (8-9); resulting from a fairly general
mnchahi#ﬁ of action, |

4) The saturated waters of essential oils of Chenopode and of Clove have an
especially musculotropic spasmolytic activity, comparable to the effects obtained
by means of 100 ur of Papaverin Chlorhydrate.'

5) fThe saturated waters of essential oils of Melissa, s§ge and Carvi exert
their action essentially on the acetylcholinic spasm, which they inhibit in the
same proportions as doses of 0,01 to 0.02 ug of Atropine, and thereby behave

. . ‘

1ike neurotropic spasmolytics.

8) antispasmodic actions with respect to Adrenalin are obtained much more

rarely. -
QONCLUSIONS

pespite the gaps mentioned during the discussion, and which are common to all
screenings, this one-gave us various interesting elements:

-~ General antiséasmodic action of the soluble constituents of essence of Thyme
Now it is known that Thyme is used in medicine in certain countries (12) as a
sedative for cough spasms, of the whooping couth type.

- Musculotropic type antispasmodic action of the soluble constituents of
essences of Clove and Chenopode.

- Marked neurotropic antispasmodic action of the soluble constituents of
essences of Melissa, Sage and Carvi;

These differences of action are furthermore full of teaching inthemselves,

In fact we were able to question the origin of the narcotic or microbicidal acti-
vity or of the power of percutaﬁeous penetration of the essences by asking if
these actions, firly generall observed in this series of products, were not due
to their physical properties (volatility, iiposolubility, etc.). 1In the case of
our study, in view of the different characteristics of the actions observed on

the various smooth muscles studied, it can conceivably be stated that these

action depend on different active principles. This is why we coQtinued their
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itudy in order to pinpoint, if possible, the fractions responsible for the activ-
' ities observed.
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The Application of ac-Analysis to Pharmaceuticals:
The Determination of Eugenol™! '

By JULIUS C. DEMETRIUS, Jr.t, and JOSEPH E. SINSHEIMER

The Aemethod of analysis, which was developed for the investigation of lignias,
involves the sclective modification of a given chromophort: in a mixture of chromo-
phores. This method permits the quantitative determination of a single ultra.
violet-absoehing compound in mixtures of such absorbing matecials. The analyses
of eugenol in clove oil, in cupenyl acetate, and in two formulations are described as
illustrations of the pharmaccutical application of this technique. The absorbance
at 296 my of an aliquot of the cugenol-containiog preparation was determined in
basic solution. The changc in absorbance was then compared ta the bathochromic
displacement of a standard cugcnol solution with a corresponding change in pH.

Tm-: stuny of the phenolic compounds of
arions lignins by Autin-Erdtuvan (1, 2) anl
ty Goldsclumid (3, 1) was based in part upon the
development of “de-curves.” I these investiga-
tions the de-curves were obtained by subtracting
the absorbances of the U. V. speetra of lignin
derivalives in solution of low pll from their cor-
responding spectra in solution of bigh ptl. By
comparing Ae-curves oblained in this manner to
those obtained from model compounds in a similar
manner, both qualitative and quantitative studics
of phenolic compounds, even in the presence of
other U. V. absorbing matcrial, were possible.

The method need not be limited to the batho-
chromic displacement of phenols in atkaline solu-
tion. Aulin-Erdtman (3) in a review article
puints out that the Ae-method may be applied
whenever the absorption propertics of a given
chromophore can he modified selectively in the
presence of a mixture of chromophores. A Ae
curve is still obtained by subtracting the spee-
trum of the starting material from the spectrum
of the product. The absorbance of any non-
modificd chromophores is thereby cancclled out.
Thus, in those cases where sclective modification
of the chromophore can be accomplished, Ae
analysis has the advantage of the analysis of a
single ahsorbing material in a mixture of absorb-
ing materials without the necessity for prior scp-
aration.

This technigue should have wide application
to pharmaceutical determinations. It is the

* purpose of this investigation to apply Ae-analysis

to a quantitative pharmaceutical problem. The
lignin studics involved eugenul as one of the
model compounds. A direct pharmaceutical ex-
tension of these studies was undertaken in the
assay of clove oil for its eugenol content and the

* Reccived August 21, 1959, fram the College of Pharmacy,
Unisersity of Rhode Jshand, Kingston.

Presented (o the Scientific Section, A. Pr. A, Cincinnat{
mecting, Auxgust 1859,

§ Present address; Mead Johnson and Ca., Evansville,
Ind. .

assay of cugenol in a pharmaceutical product,
In addition, the procedure developed for the
ussay of clove oil was tested Dy its application to
a satple of cugenyl acetate,

EXPERIMENTAL

Ultraviolet ahsorption spectra aid quantitative
measurements were made with a Beckman, odel
DU spectrophotonteter. Al quantitative measure-
ments were the average of six determinations,
After the first three determinations, the cells con-
taining the sample solution and blank solution were
interchanged.

Materials.—Eugenol (Eastman Kodak Co.) was
fractionated by vacuum distillation through a
helices-packed columu. The refractive index of
the purificd sample was #% = 1.5110. Eugenyl
acetate (Aldrichi Chemical Co.) was fractionated
by a similar distillation and crystallized fromn
alcohol-water.  The melting point of the purified
sample was 30-31°. Clove oil U. S. P. {Magnus,
Mabee and Reynard, Inc.) had a total phenolic
content of 879 as determined by the U, S P,
NV assay. AN other muaterials were of C. P
grade and were used without further purification.

Determination of Lugenocl Spectra.—An ac-
curately weighed sample of 59 mg. of cugenol was
diluted witli 509 aleohol-water to 250 ml in a
volunetric flask. A series of 10-ml portions of

this solution was transferred to 100-ml. vohumetric -

flasks and diluted to the mark with a series of
bufies sohutions prepared from standard solutions of
sodium hydroxide and sulfuric acid. The pH of
each of these eugennl solutions was measured by a
Beckman Zeromatic pH meter and its U. V. spee-
trum determined.  In this manuer cleven spectra
of cugewol in solutions ranging from pH 2.5 to 13.5
were obtained.

The Determination of Ae for- Eugenol.—Samples
of about 50 mg. of eugeuol were accurately weighed
and diluted with alcohol in a 250-ml. volumetric
flask. Oune 10-ml. portion  of this solution was
diluted with water and 1 ml. of 1000 N sodium hy-
droxide in a 100-ml. volumetric flask. A second
10-ml. aliquot of the alcoholic eugenol solution was
transferred  to a 100-mb. volumetric flask  and
diluted with water and 1 ml of 0.1 N sulfuric
acicd.  The absurbance of the alkaline solution was
determined relative to the acid solution in the ref-
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erence ccll at 206 wa.  Blank solutious were also
preparesd, and any relative absorbance wis de-
termined in a like manner in order to emrect for
any contribution duc to solvents and reagents.
Seven  such  determinations  were  made.  The
alkaline solutions were recorded with o pti of 12.0
4+ 02 and the acid solutions with a pll of 3.0 %
0. ’

The Determination of Eugenol in Clove Oil and
in Eugenyl Acetate.- Smmples of about 60 myg.
were accurately weighed and placed together with
3 ml. of 1 A sodinm hydroxide and 15 ml. of aicoliol
in a 250-ml. vohunctric flask. After the mixture
was shaken for five mimutes at room tAnperature,
it was heated in a builing water bath for filteen
minunies. During this time the flasks were shaken
at five-minute intervals, The flasks were eooled
to room temperature and alcoliol was added to 250
ml. At the same tine a control sotution without
saunple was also prepared in this manner, Ten-
miltiliter aliquots of the sapoificd sanples and the
control were then diluled and buffered ;. the relative
absorbances at 206 g were determined esseutially
as described under the determination of de for
eugenol.  The only modification required was the
addition of 2 mt. of 0.100 N sulfuric acid to obtain
the desired pH of 3.0 & 0.2 for the reference solu-
tion. .

The Determination of Eugenol in Formulations.—
An aliquot of thie formulution was chosen to obtain
a concentration of about 2 mg. per 100 mi. of eugenol
in the refercnce and alkaline solutions. The pro-
cedure described under Ae for cugeniol was then
followed.

Calculations and Definitions.—Ae for cugenol:
Ae = (A4 X 164.2)/c

Percentage of eugenol:
100)/(c X A¢)

Concentration: ¢ = (A4 X 16+.2)/Ae

Where: Ae = absorbance at 296 mg of a 1M
solution of cugenol in base less the absorbance of a
1M solution in acid. AA- = the obscrved ab-
sorbance at 296 mu of a given concentration of
eugenol in basic solution less the absorbance of
same conccntration of eugemol in acid solution.
¢ = concentration in Gm./L.

% = (A4 X 1642 X

RESULTS AND DISCUSSION

Figurc 1 represents the spectra of eugenol in (a)
acid to neutral solution and (b) in alkaline solution.
As is typical of phenals, there is o pronotmeed
hathochiomic displacement of hoth the B and B
Bands aned anincrensie in O intensity of absorptiog
of these luaebs, When the aeid speetie s sohe
trancted Trom that of the alkadine specti, the 4.
eurve illusteated in Fig, 2 is obtained,

The same Ae-curve is produced even in the
presence of other U, V..absotbing compounds pro-
vided that thesc compounds show no response to
changes in pH.  Aecurves can be used in a manuer
analogous to normal U. V. curves for qualitative |
and quantitative purposes. Thus, the maxima at
246 and 296 mpa should serve as the basis for quan-
titative mcasurciments,

It appears that the 246 mp maximum, because of
its greater intensity, would be the most uscful for
quantitative mcasurcinents. However, in actual.
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Fig. 1.—Ultraviolet absorbance spectra of eugcnol;
-~ pH 7.0; ---- pH 123.
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Fig. 2.—Ae ultraviolet ahsorbance spectrum of
eugenol at pH 12.3 with the eugenol spectrum at pli
7.0 as a refcrence,
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“r M " 7]  TaBLEl.—ANALYSIS OF Fuaenor 1N CLove O1L. AND ': b
/,." Eucknyl. ACETATE L i
. P ' 4
’ "’ . ! ¢ '
s Sample Clove Oil, % P"(‘fﬂ'fﬂ/."&'ﬁf.‘) % ' i
/ 1 85.4 80.0 : :
; 2 8.8 79.9 ; '
" 3 8.7 81.2 . : s
i 4 86.7 79.6 i
' 5 86.0 ves ;
: 6 84.9 : !
' w ! 7 85.8 :
z : Av. 85.5 80.2 B :
a . e .
« i
a ' ‘
e TabLE 11.—ANALYSIS OF EUGENOL IN MouTit Wasit Py '
« ! ForMULAS . f
[ W
':" - Formula A, Om. Formuta B, G, ; t
J © Amount . : ‘ E
. 7 present 0.1004 0.1124 . :
‘ e Found 1 . 0.0080 0.1000 : :
...........-...-----"J 2 0.00980 0.1107 ! :
3 0.0907 0.1104 . i '
S 1
3.8 ! ® " " ¢ 0.0072 0.1103 ;
pH ~Av, 0.0084 0.1009 3 1 '
Fig. 3.—Maximum absorbance of cugenol as a : :
function of pll;  — maximum at 206 mu; ---- ! |
maximmum at 246 mg. The above formula was atso modified by reducing
the peppeninint oit to 0.06 Gmr. and including 0.06
pectta of eugenol; Gm. of cassia oil which possesses Ul V. absorption .
H 123 practice this is not the case, since the 296 mp of high intensity. The results for the analysis of !
( maxima showed greater stability with changes in cugenol in the modified formula, formula B, are !
alkaline pH than did the 246 mu maxima and, also presented in Table I1.
therefore, woukl require a less critical control of It should be noted that the U. V. spectrum of ,
pH for quantitutive comparisons. The change in  cassia oil shows a limited sensitivity to changes in . ’
e ahsorbanee of these peaks as a function of change pi,and restilts recorded in Table 1T would have been !
in pH is illustrated in Fig. 3. about 109, lower unless corrected for this change.

To serve as a basis for the quantitative comparison  That is, the analysis of formula B required that the
of cugettol solutions, the Ae for the 206 mu maxima absorbance of a control solution without cugenol
was determincd  from standard solutions. The also be deternined and be applied as a correction
average of seven determinations gave a value of to the aunalysis of the complete formula. Formula ,
3,886 for a molar solution of cugenol of a pH of B, thercfure, demonstrates a limitation of Ae
12.0 = 0.2 over that of a molar solution of a pH analysis: the sensitivity of the other compounds in
of 30 £ 0.2 a1 296 mpu, a mixture to the conditions used to modify the chro-

. Table 1 is a summary of the results of the determi-  mophore of interest. This limitation can be
nation of the percentage of cugenol in a sample  overcomc in the analysis of dosage forms by running
of clove oil based upon this valuc for Ae. As a  a control as noted in the analysis of formula Bor
partial test of the procedure there is also included’in by applying a simultancous equation deterination
Table I the results of the analysis of a sample of to the Aecurve. If such cotrections cannot be
cugenyl acetate. applied as, for example, in the assay of sume natural

In order to investigate the application of Ae products, the cxtent of these errors can readily bes
analysis toa pharmaceutical formulation the follow- determined and, to a great degree, corrected by com-
ing mouth wash, formula A, was campounded, paring the complete Aespectrum of mixture to .

that of the standard compound,

Gaccharin, soluble. .o ovieeereree. 0.025 Gm.

Fatchising, Hasic. ..o veviiireneees 0.005 Gu. R
P eferences
Peppermint oil ..o oooevei e 0.100 Gm.
Sugenol. . oo eneaearesans 0.100 Gm. (1) Aulin-Erdtmmn, G, Svensk Papperstidn., 35, T46(1952);
Alcohol 75.00 cc Chem. Absir., 48, 11780a(1954). ’
CONMOL. v v ov v v mmumermen? e N . (2) Aulin-Lrdtmaa, G., sbid., 36, 287(1053); Chem. Abstr,,
Distilicd water to,....c.ooevn- ven. 250.00 cc. 47, 10842i(1053).
; 13) Goldschmid, O., Awal. Chem. 26, 1421(1934).
Table 1T presents the results of the analysis of this u%)(l%‘;‘;'_‘“""‘“' L. F., and Goldschmid, O. ibid., 28,
) 300 320 solution for its cugennl content. . (8) Aulin-Erdtman, G., Chem. & Ind., T4, 581(1955). i
CTTI : .
an ctrum of

il ¢ um.at pH . )
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LO.A. No. 55
OIL CLOVE LEAT

|  SCIENTIFIC SECTION | -
ESSENTIAL OIL ASSCCTIATION OF U.S. A. |
' 290 Fifth Avenue, New York 1, N.Y.

E.O.A. STANDARD for: OIL CLOVE 'LEAF -

0il Clove Leaf is the volatile oil distilled by means Pemba. The tree is also cultivated on a smaller scale
of steam from the leaves of the Clove tree, an ever- in other. areas such as Reunion, Penang, and Am-

green belonging to the family-—Mytacae, cultivated boina.
chiefly in Madagascar, the Seychelles, Zanzibar and
SPECIFICATIONS

Botanical Nomenclature . . . . + «} Eugenia caryophyllata, Thurnberg (Caryophyllus aromaticus, Linné).

Preparation . . « « « = « o © Obtained by steam distillation of the leaves.

| Physical & Chemical Properties . . . Color & Appearance; Very pale yellow when freshly distilled, but
o ‘ discolors rapidly to a brown or cven a purple shade when in con-
tact with iron containers.

Specific Gravity @ 25°/25°C: 1.036 to 1.046.

(Correction factor from n°®/n°: .00067 per °C.)
Optical Rotation: 0° to -2°.

Refractive Index @ 20°C: 1.5310 to 1.5350.

Solubility in Alcohol: Soluble in 9 volumes of 7095 aleohol; a slight *

opalescence often occurs when additional solvent is added.

Heavy Metals: Negative to slightly positive.
Proceed as dirccted under heavy metals test (Sce Determinations
E.O.A. No. 1.L). Not more than a slight darkening in color is
~ produced in either the oil or the water. '

Total Eugenol by Volume: 5490 to 88%e.
Method: DPlace ahout 260 of powdered tartaric acid in the oil
and shake thoroughly for about 2 minutes and filter. Then place
10-cc. of the filtered oil, measured from a pipette, in a T0t-ce.
cassia flask, add 75-cc. of I N potassium hydroxide solution, «halke
the mixture for 5 minutes then heat it for 10 minutes in a bath
containing boiling water. Remove it from the bath, and coul to
yoom temperature. When the liquiids have separated complatedy
add sufficient 1 N potassium hydroxide to raisc the lower Hmit
of the oily layer within the graduated portion of the nech.
The volume of the insoluble oil in cubic centimeters is then 2ub-
tracted from 10. The difference multiplied by 10 gives the per
centaze of Fagenol in the oil.

PRINTED IN U. 5. A. ' ' LOVEID
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’ | | | SPECIFICATIONS (Continued)

Descriptive Characteristics . . . . .| Solubility:

‘ Benzyl Benzoate: Soluble in all proportions.
’ , _ A : Diecthyl Phthalate: .  Soluble in all propqﬂions.
: Fixed Oils: Soluble; often with slight opalescence in
) - o most fixed oils.
Glycerine:- Relatively insoluble. -
_ Mineral Oil: Relati\'dy insoluble. -
Propylene Glycol:  Soluble in all proportions.
Stability:
[ Q ) . Alkali: Unstable.
’ '  Acids: Fairly stable in presence of most dilute

acids.

Containers . . . « « « « « « «| Should be shipped preferably in glass, tin lined, stainless steel, or
: aluminum containers. When galvanized containers are used a
precipitate may result.

Storage. . . . . .« . .+ « « . .| Storein full, tight containers in a cool place, protected from light.




E.O.A, ‘lq. 178
| o OIL CLOVE STEM
E | - SCIENTIFIC SECTION "

ESSENTIAL OIL ASSOCIATION OF U. S. A. -
2 Lexington Ave,, New York 10, N.Y. '

'E.O.A. STANDARD for: OIL CLOVE STEM

Qil Clove Stem differs from the oil obtained from isolation of good quality cugenol. Zanzibar is the prin-
the Clove Buds. The odor, flavor and chemieal com-  ¢ipal source for this oil, small quantities are produced
' . position differs from the Bud oil and is less acceptable in other areas.

r for use in flavors and perfumes. It can be used for the

: B " . SPECIFICATIONS

} - Potanical Nomenelature . . . . . Eugenia Caryophyllus (Spreugel) Bullock et Harrison (formerly
Eugenia Caryophylata Thunberg) or (Caryophyllus aromaticus L.).

(Family: Myrtaceae.)

Prepafation B Usually obtained by steam distillation of the dried stems after re-
moval of the buds. : ;

Physical and Chemical Constants . . | Appearance and Odor: Yellow to light hrown liquid. In contact with
iron the oil acquires a purplish dark brown shade. It has the
characteristic elove spice odor hut less pleasant than the oil from

[ . : . the buds. :
- Specific Gravity at 25°/25°C: 1.018 to 1.056. ‘ |
(Temperature correction factor from n°/n°C = 0.0006 per °C.).

Optical Rotation: *0° to —1°30°,
Refractive Index at 20°C: 1.5340 to 1.5380.
Total Phenols Content: 895 to 95%.

Method: Procced as directed for the determination of Total Phenols.
(See EOA Determinations #1-S),

Solubility in Alcohol: Soluble in two and more volumes of 7075 al-
" cohol, ‘

Descriptive Characteristics . . . . | Selubility: .-

Benzyl Benzoate: Soluble in all proportions.

Dicthyl Phthalate: Solnble in all proportions.

Fixed Oils: Soluble in all proportions in most fixed oils,
Glycerine: Relatively insoluble.

Mineral Qil: Relatively insolulle.

Propylene Glycol: Soluble in all proportions.

Stability:
Acids: Fairly stable in the presence of weak organic acids.
Alkali: Unstable,
- Containers . . . . . . . . . Should be shipped preferably in glasa, aluminum or tin-lined con-
’ tainers. A precipitate may result if galvanized iron containers
are used. -
Slornge e e e e e e e Store in tight full containers in a cool place protected from light.

—

PRINTED IN U.S. A, (1-61)




EOA. No. 238 !
OLEORESIN CLOVES g

.........

SCIENTIFIC SECTION

EﬁSBNTIAL OIL ASSOCIATION OF U.S. A.
2 lexington Ave., New York, N. Y. 10010

E.O.A. STANDARD for: OLEORESIN CLOVES

: Oleoresin cloves is the product obtained by solvent ex- lata Thumberg (Family Myrtaceas) with the subse-
traction of the drisd flower buds of Eugenia caryophyl- - quent removal of the solvent. '

SPECIFICATIONS

Botanicol Nomenclature . . . . =« Eugenio caryophyllota Thumberg (Family Myrtaceae)

Obtained by solvent extraction of the dried flower buds of cloves with

Preparation . . « ¢ o =« s+ s =
?0 : subsequent removal of the solvent.

r ‘ d Chemical éonstants . . | Appearance and Odor: A dark green, somewhat viscid, non-homo-
Physical an emie _ geneous liquid with the characteristic odor and flavor of Oil of Cloves.

Specific-Graviry Tr23°725 Crit=o-to-:0¢o:
Volatile Oil Content: 66 to 88 ml/100 gms.

Method: Proceed as directed for the determination of volatile oil>(See
E.O.A. Determination of No. 57-G) using 10 gms. of sample accurately
weighed and report as ml per 100 gms. of oleoresin,

Optical Rotation of Oil: Not exceeding —1°30". .
Refractive Index of Oil at 20°C: 1.5270 to 1.5380.

Residual Solvent in Oleoresin: Meets with Federal Food, Drug & Cos-
metic Act Regulations.

-

Descriptive Characteristics. . . . . Solubility:
~ Alcohol: Partly soluble with oil separation and sediment.
Benzyl Benzoate: Soluble in all pfoporﬁons.

Fixed Oils: Soluble in all proportions wnh sediment in most fixed
oils.

Glycerine: Insoluble.
Mineral Oil: Partly soluble with oil separction and sediment.

Propylene Glycol: Partly soluble with oil séporaiion and sediment.

“' Containers. . « « o = ... Ship in glass or suitably lingd containers.

Store preferably in full, tight containers in a cool place, protected from

&orogo . o e . . . . . - . ligh',

PRINTED 1IN U.6.A. (1-'88)
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prepared as directed for organic.com- ’
ts of the Lead Limit Test, page 172, using

10 mecg. of lead jon (Pb) in the control.

Packaging and storage. Store in full, tight, preferab\y'glass, tin-

lined or other suitably lined containers in a cool place protected from

light.
Functional use in foods. Flavoring agent.

Lead. A Sample Solution

CLOVE LEAF OIL

DESCRIPTION
obtained by steam distillation of the leaves of Eugenia

The volatile oil
caryophyllata Thunberg (Eugenia aromatica (L.) Baill.). (Fam. Myrta-
pale yellow liquid. Itis soluble in propylene glycol, in

ceae). It is a pal
most fixed oils, with slight opalescence, and relatively insoluble in

glycerin and in mineral oil.

SPECIFICATIONS
Assay. Not less than 84 per cent and not more than 88 per cent, by
volume, of phenols as eugenol (C1H1:02). , .

Angular rotation. Between —2° and 0°.
Refractive index. Between 1.5310 and 1.5350 at 20°.

Solubility in alcohol. Passes test.

Specific gravity. Boetween 1.036 and 1.046.

Limits of Impurities
Arsenic (as As). Not more than 3 parts per million (0.0003 per cent).
Heavy metals (as Pb). Not more than 40 parts per million (0.004

per cent).
Lead. Not more than 10 parts per million (0.001 per cent).

TESTS
Assay. Shakea suitable quantity of the oil with 2 per cent of pow-

dered tartaric acid for about 2 minutes and filter. Then, using a sample
of the filtered oil, proceed as directed under Phenols, page 745, modified
by heating the flask in a boiling water bath for 10 minutes, after shaking
the oil with potassium hydroxide T.S. Remove from the boiling water

bath, cool, and proceed as directed.
Angular rotation. Determine in a 100-mm. tube as directed under

Optical Rotation, page 780.
Refractive index, page

fractometer of equal or greater accuracy. -
Solubility in alcohol. Proceed as directed in the general method,

785. Determine with an Abbé oriothct re-
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page 746. One ml. dissolves in 2 ml. of 70 per cent alcohol. A slight
opalescence may occur when additional solvent is added.

Specific gravity. Dctermine by any reliable method (see page 4).

Arseni¢. . A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Arsenic Test, page 7120,

Heavy metals. Prepare and test a 500-mg. sample as directed in
Method I under the Fleavy Metals Test, page 763, using 20 mcg. of lead
jon (Pb) in the control (Solution A).

Lead. A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Lead Limit Test, page 772, using 10
mcg. of lead ion (Pb) in the control. .

Packaging and storage. Store in full, tight, light-resistant, glass, tin-

lined, stainless or aluminum containers in a cool place protected from
light.

Functional use in foods. Flavoring agent.

" CLOVE OlL

DESCRIPTION

The volatile oil obtained by steam distillation from the dried flower-
buds of Eugenia caryophyllata Thunberg (Eugenia aromatica (L.) Baill.).
(Fam. Myrtaceae). It is a colorless or pale yellow liquid having the

characteristic clove odor and taste. It darkens and thickens upon aging

or exposure to air.

SPECIFICATIONS

Assay. Not less than 85 per cent, by volume, of phenols.

Angular rotation. " Beiween —1° 30’ and 0°.

Refractive index. Between 1.5270 and 1.5350 at 20°.

Solubility in alcohol. Passes test.

Specific gravity. Between 1.038 and 1.060.

Limits of Impurities
Arsenic (as As). Not more than 3 parts per million (0.0003 per cent)
Heavy metals (as Pb). Not more than 40 parts per million (0.004
per cent).
Lead. Not more than 10 parts per million (0.001 per cent).
Phenol. Passes test.

TESTS )

Assay. Proceed as directed under Phenols; page 745.

Angular rotation. Determine in a 100-mm. tubo as directed under
Optical Rolation, page 780. o
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Refractive index, page 785. Determine with an Abh€ or other re-
fractometer of equal or greater accuracy. -

Solubility in alcohol. Proceed as directed in the general method,
page 746. One ml. dissolves in 2 ml. of 70 per cent alcohol.

Specific gravity. Determine by any reliable method (see page 4).

Arsenic. A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Arsenic Test, page 720.

Hecavy metals. Prepare and test a 500-mg. sample as directed in
Method II under the Heavy Metals Test, page 763, using 20 mcg. of lead
jon (Pb) in the control (Solution A). : :

Lead. A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Lead Limit Test, page 712, using 10
mcg. of lead ion (Pb) in the control.

Phenol. Shake 1 ml. of sample with 20 ml. of hot water. The
water shows no more than a scarcely perceptible acid reaction with blue
Jitmus paper. Cool the mixture, pass the water layer through a wetled
filter, and treat the clear filtrate with 1 drop of ferric chloride T.S. The
mixture has only a transient grayish green calor, but not a blue or violet
color.

Packaging and storage. Store in full, tight, light-resistant containers
and avoid exposure to excessive heat.
Functional use in foods. Flavoring agent.

CLOVE STEM OlL

DESCRIPTION

The volatile oil obtlained by steam distillation from the dried stems
of the buds of Eugenia caryophyllata Thunberg (Eugenic aromatica (L.)
Baill.). (Fam. Myrtaceae). It is a yellow to light brown liquid with
a characteristic odor and taste. It is soluble in fixed oils, and in pro-
pylene glycol, but it is relatively insoluble in glycerin and in mineral oil.

- SPECIFICATIONS ,
Assay. Not less than 89 per cent and not more than 95 per cent, by

volume, of phenols as eugenol (CiHi:02).

Angular rotation. Between —1.5° and 0°. ) .
Refractive index. Between 1.5340 and 1.5380 at 20°.

Solubility in alcohol. Passes test. _

Specific gravity. Between 1.048 and 1.056.

Limits of Impurities

Arsenic (as As). Notmore than 3 parts per million (0.0003 per cent).
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Lead. Not mor:
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Heavy metals (as Pb) Not more than 40 parts per million (0.004

per cent).
Lead. Not more than 10 parts per million (0.001 per cent)

TESTS

Assay. Shakea suitable quantity of the oil with about 2 per cent of
powdered tartaric acid for about 2 minutes and filter. Then, using a
sample of the filtered oil, proceed as directed under Phenols, page 745,
modified by heating the flask in a boiling water bath for 10 minutes,
after shaking the oil with potassium hydroxide T.S. Remove from the
boiling water bath, cool, and proceed as directed.

Angular rotation. Determine in a 100-mm. tube as directed under -

Optical Rotation, page 780.
Refractive index, page 785. Determine with an Abbé or other re-

. fractometer of equal or greater accuracy.

Solubility in alcohol. Proceed as directed in the general method
page 746. One ml. dissolves in 2 ml. of 70 per cent alcohol.

Specific gravity. Determine by any reliable method (see page 4).

Arsenic. A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Arsenic Test, page 720.

Heavy metals. DPrepare and test a 500-mg. sample as directed in
Method II under the Heavy Metals Test, page 763, using 20 mceg. of lead
ion (Pb) in the control (Solution A).

Lead. A Sample Solution prepared as directed for organic com-
pounds meets the requirements of the Lead Limit Test, page 772, using 10
mcg. of lead ion (Pb) in the control.

Packaging and storage. Store preferably in full, tight, light-resistant

glass, aluminum, or tin-lined contamers in a cool place protected from
light.
Functional use in foods. Flavoring agent.

COGNAC OIL, GREEN
Wine Yeast Oil

DESCRIPTION

The volatile oil obtained by steam distillation from wine lecs. Itis
a green to bluish green liquid with the characteristic aroma of cognac.
It is soluble in most fixed oils and in mineral oil. It is very slightly
soluble in propylene glycol, and it is insoluble in glycerin,
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f. should always be made; if purity is doubtful, a large sample should be freed
- . from eugenol and the remaining nonphenolic portions fractionated in vacuo .
R Stg?l{; 0a5 . with a careful examination of each fraction. :
o . The detection of water soluble adulterants can be effected by determining
1s (I), three oils from Mauritius any change in properties before and after washing the oil with saturated salt
d (IV), examined by Schimmel solutions. :

The most important test in the analysis of clove oil is the determination of

il I IV the total phenols (chi_éﬁy eugenol) —see above, section on “Physicochemical

1101067 10535 10462 Properties.” .
50 to —1°0" —0°49" -—1°20’ " CHEMICAL COMPOSITION
to 1.5391 1.53513 1.53244 . ’
: 00 A. Clove Bud Oil—The volatile oil derived from dried clove buds by
L‘:I:azgluhl e in S(bele g?ﬁble distillation contains, as its main constituents, free eugenol (70 to 90 per
vol. and more  inl in 0.9 cent), eugenol acetate, and caryophyllene. Although these substances
vol. vol. - amount to some 99 per cent of the oil, they are not, as Smith *® has pointed
’ and and : out, responsible for the characteristic fresh and almost fruity note of a pure
more maore clove bud oil. The proof of this lies in the fact that it is only necessary to
.' prepare & mixture of pure clove eugenol, eugenol acetate, and caryophyllene
dentify in ¢ bud il ) in correct proportions, and to compare it with a sample of natural clove bud
0 1centily In clove bud ol are . oil. This is one of the many examples of the importance of those substances -
d clove leaf oil, the addition of e . . s .
. .. which are found only in traces in natural essential oils. Clove bud oil con-
ly slightly. To prove sophisti- . -eral of th bst s tl . bei byl
s fot easy and, therefore, one talns several o ese subs an‘cc=, the most., important one being methy!-n-
’ ? amyl ketone. As a characteristic feature it should also be mentioned here

oil by its somewhat harsh note. | tl.ll?t clov? t.m(:t oil c.(l)nta.(linsl a' s;xbsfta{lltlal fe-rcentlagi of eu%e-rtxol acetate,
he addition of clove terpenes, whereas clove stem oil and clove leaf oil contain only traces of it.

feu 1 from elove oil. Tt is The following compounds * have been identified in clove bud oil:

ities, vut the addition of larger  Eugenol. The chief constituent of clove bud oil, constituting from 70 per cent to more

lowers the eugenol content, the than 90 per cent in free form. _
the oil. Eugenol Acetate (Aceteugenol, Acetyl Eugenol). See above. Erdmann * reported 2
dibenzyl ether is best detected to 3 per cent, Spurge * 7 to 17 per cent, Smith # 10 to 15 per cent of eugenol acetate

g for a few days or, even better, in clove bud oil.

: 0il. Acetins, too, are occasion- Caryophyllene. This sesquiterpene was first noted in clove oil by Church; = later it
was named caryophyllene by Wallach.® According to Gildemeister and Hoff-

* mann,* it oceurs in clove oil chiefly as lower boiling, laevorotatory p-caryophyllene

Lexpert will, in most cases, have

nd can be detected by washing
*h saponification number of the

ins (see Vol. I of this work, p. 33 Perfumery Essential Otl Record 37 (1946), 144.
) 34 Details regarding these substances will be found in Vol. IT of. this work.
. 38 J. prakt. Chem. [21, 66 (1897), 143. :
m to clove oil is seldom encoun- 38 Pharm. J. 70 (1903), 701, 757. According to Spurge, the method of assay used by
nonphenolic portions of the oil Erdmana is faulty. . _

31 Perfumery Essential Oil Record 37 (1946), 144.
38 J. Chem. Soc. 28 (1875), 113.

54. Cf. Gildemeister and Hoffmann, 39 Licbigs Ann. 271 (1892), 287.
10 “Die Atherischen Ole,” 3d Ed., Vol. 111, 286.
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(blue nitrosite m. 164°-165°) and, in smaller pfoportion, as higher boiling, op-
tically inactive a-caryophyllene (nitrosochloride m. 177°). According to Naves,*
the volatile oil derived from cloves by steamn distillation contains from 5 to 12 per

P

d ' oent of a- and S-caryophyllene, whercas the oil extracted from the spice with ‘
volatile solvents contains almost none. '
1 Caryophyllene Oxide (Caryophyllene Epoxide). As far back as 1912, Vielitz ¢ had '

noted a strongly laevorotatory hydrocarbon in the highest boiling fractions of
clove oil, but it was only recently that Treibs ¢ actually isolated caryophyllene :

. oxide from clove oil. The biological parent substance of this oxide is undoubtedly
caryophyllene. Treibs # reported these properties for caryophyllene oxide: N
M.oooonnn.... 64° ‘ :
. 0.9658 i
! L TN —68° 0’
i B 1.4958 ;

According to a more recent publication of Naves,% the (benzene) extract of
clove buds does not contain caryophyllene, but epoxy-dihydrocaryophyliene

! C1uH2O (the caryophyllene oxide of Treibs). However, the extracted mass of
A " clove buds, under the influence of boiling water yields an essential oil composed

; L chiefly of caryophyllene. The lutter, therefore, is not a matural, biological con- _
! i stituent of the clove buds. :

The epoxy-dihydrocaryophyllene observed by Naves in the (benzene) extract
of clove buds had these properties: '

; ~ Mme............ 63°-64°
i ' big..oo.o. ... 114°-117°
R 0.966
2 ~70° 2’
np...... .... 1.49564

As concerns those important substanees that oceur only in traces in clove
bud oil, the following have been reported:

b - Methyl Salicylate. By Masson.*

Methyl-n-amyl Ketone. This compound, which is particularly responsible for the
peculiar, almost fruity by-odor of the clove bud oil, was identified in the labora-
tories of Schimmel & Co.# through its semicarbuzone m. 122°-123°, and through
oxidation into valeric and acetic acids.

Methyl Aleohol, Furfural, 8-Pinene(?), and Methyvl Benzoate. In the:course of their
investigations the Schimmel chemists # isoluted traces of still other substances
from clove bud oil: methyl alcohol, furfural, B-pinene(?), and methyl benzoate.

U Helv. Chim. Acte 31 (1948), 378. Cf. Naves and Perrottet, ibid. 24 (1941), 790.
Deussen, Liebigs Ann. 356 (1907). 1.

42 Inaugural Disscriation, Leipzig (1912).

43 Chem. Ber. 80, No. 1 (1947), 56.

44 Ibid.

48 Hely. Chim. Acta 81 (1948), 350.

8 Compl. rend. 149 (1909), 795.

37 Ber. Schininel & Co., April (1897), 50; April (1902), 44.

8 Ibid., October (1896), 57; April (1903), 51, 52.
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Methyl-n-heptyl Ketone. Identified through its semicarbazone m. 118°-110°.

Valeraldehyde(?). According to Schimmel & Co. the oil contains probably valeral-
dehyde.
Further work on the minor constituents of clove bud oil was earried out by
Masson ¢ who noted the presence of these compounds:

Methyl-n-amyl Carbinol (2-Heptanol). B. 157°-158°, do 0.8344. Isolated from the
fraction by 50°-75° by treatment with phthalic anhydride. Oxidation of the
carbinol guve methyl-n-amyl ketone b._ 151°-152°,

Furfuryl Aleohol. The treatment of the fraction bys 50°-75° with phthalic anhydride
yielded also furfuryl alcohol b. 170°-171°, do 1.1615, which was identified through
its diphenylurethane m. 97.5°. '

a-Methyl Furfural. The fraction by 65°-95° contains (aside from methyl-n-heptyl
ketone—see above) a-methyl furfural b. 184°-186°, beo 75°, do 1.1365, which Mas-
son identified through its semicarbazone m. 210°-211°, its phenylhydrazone m.
147°-148°, and through oxidation to a-methyl-pyromucic acid m. 107°-108°.

Methyl-n-heptyl Carbinol (2-Nonanol) and Benzyl Alcohel. In the fraction by 75°~
100° Masson observed methyl-n-heptyl carbinol b. 195°-196°, do 0.8399, which E
was charucterized by oxidation to methyl-n-hepty! ketone, and benzyl alcohol b.
206°, do 1.0627, which was oxidized to benzoic acid.

Methyl Furfuryl Alechol(?). The same fraction of the oil probably also contains
methyl furfuryl alcohol.

A Dimethyl Furfural(?). In the fraction by; 105°-120° Masson reported a dimethyl
furfural b. 206°~208°, which on oxidation yielded a pyromucic acid m. 129°-130°.
It was not possible, however, to determine the position of the methyl groups in the
molecule. ' '

Vanillin. This aromatic aldehyde is most probably present in clove bud oil, at least in
traces, and undoubtedly originates by air-oxidation of eugenol. According to
Gildemeister and Hoffmann® dried clove buds contain vanillin. Jorissen and
Hairs % observed vanillin in clove oil. Shuking clove oil with (35 of its volume)
sodium hydroxide solution, van Urk % extracted crystals m. 90°-92° which had a
vanillin-like odor and which, on treatment with phloroglucinol and hydrochlorie
acid, developed a red color. '

B. Clove Stem Oil.—The chemical composition of the oil derived from
clove stems has not been investigated as thoroughly as that of the com-
mercially much more important clove bud oil, which is used widely in food
products and in pharmaccuticals. Literature on the subject agrees that in
general the chicf constituents present in clove bud oil occur also in the stem
oil, but in somewhat different proportions. The percentage of free eugenol
present in the stem oil, for example, is usually somewhat higher than that
present in the bud oil. The stem vil, on the contrary, contains only a small

49 Compl. rend. 149 (1909), 630, 795. 8t Chem. Zentr. (1890), 11, 828,
50 “Dic Atherischen Ole,” 3d Ed., Vol. 111, 288, - 52 Pharm. Weekblad 85 (1928), 345.
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amount of eugenol acetate, whereas the bud oil has been reported to contain
up to 17 per cent of this ester. Among the other constituents present in clove
. stem oil, a- and B-caryophyllene, furfural, and methyl alcohol have been
i identified by the same workers who concerned themsclves chiefly with the
) . bud oil (see “Chemical Composition of Clove Bud Qil”)}.
l ' Substances, occurring only in traces, which impart the characteristic,
almost fruity odor to the bud oil, seem to oceur in the stem oil in still more
. minute quantities, or to be lacking entirely, which explains the coarser and
) : “flatter” odor of the stem oil. Judging from the odor, methyl-n-amyl ketone
- appears to be present in clove stem oil but in a smaller proportion than in the
bud oil.
' On the other hand, clove stem oil contains a few constituents which have
' : not yet been observed in clove bud oil. Von Soden and Rojahn 2 isolated
) traces-of naphthalene from clove stem oil. Semmler and Mayer ** observed
D - an apparently bicyclic sesquiterpene alcohol, C,;H260, containing one double
bond, which had these properties: by 138°-148°, duy 0.9681, ap —17°, n;
1.5010, Mol. Refr. found 68.18, calculated for Cy;Hs,0 [~68.07. When
treated with alcoholic potassium hydroxide, the hydrochloride by, 147°-155°
i dap 0.990 of this sesquiterpene alcohol yiclded a hydrocarbon by 123°—126° ‘
d20 0.9273, a) —23°, n}) 1.5024. '
‘ : Fractlonatmg the sesquiterpene portions of clove stem oil in vacuo (after
removal of eugenol), Deussen *® isolated from the distillation residue about

. 0.1 per cent of an amorphous, alcohol-insoluble substance m. 146° (not {

sharp), to which he assigned the empirical molecular formula (C21H300)35. N
C. Clove Leaf Oil—What has already becn said about the chief con-

stituents and the trace substances present in clove stem oil applies equally ’

well to the oil derived from clove leaves. The chemical composition of clove
leaf oil, like that of the stem oil, has not yet been as thoroughly investigated
as that of the bud oil. Clove leaf oil usually, contains a somewhat lower
percentage of total cugenol than is present in clove bud oil; eugenol acetate
occurs in the leaf oil, as in the stem oil, only in very small quantities. The
trace substances, methyl-n-amyl ketone for example, which impart the char-
acteristic, almost fruity odor to the bud oil, occur in the leaf oil probably in
even morc minute quantitics than in the stem oil; hence the much coarser
and “flatter” odor of the leaf oil.

As far as the substances which occur in the stem oil (but not in the bud
oil) are concerned, viz., a sesquiterpene alcohol Cy;H10, and naphthalene,
only the latter (traces) has been observed in clove leaf oil.*

83 Pharm. Zty. 47 (1902), 779. 85 [bid. 42 (1909), 380, 680. v
8¢ Ber. 45 (1912), 1392, 88 Ber.-Schimmel & Co. (1939), 57.
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Fd Casmet. Toxicol. Vol. 3, pp. 141-157. Pergamon Press 1967, Printed in Great Britain

Research Section

Food Flavourings and Compounds of Related Structurc.
Il Sub'lcute and Chronic Toxicit

E. C. HAGAN, W. H. Hansen, O. G. FitzuucH, P. M. JENNER, W. 1. JONES,

JEAN M. TAYLOR, ELcANOR L. LONG, A. A. NELSON and J. B. BROUWER

Division of Toxicological Evaluation and Division of Pharmacolagy, Food and Drug
Adumninistration, Washington, D.C., USA :

(Received 7 November 1966)
Abstract—The subacute and/or chronic toxicity of 48 food (lavourings was studied in rats. The
toxicity of five of these fluvourings (coumarin, 6-methylcoumarin, dihydrocoumarin, methyl
salicylate and safrole) was also studicd in dogs. A summary of tie studies is presented. The 10ss
of 21 flavourings from laboratory animal dicts during a 7-day period was also determined.

INTRODUCTION

63

For a number of ycars the Food and Drug Administration has been investigating the -

toxicity of food flavourings, both natural and synthetic. The toxicity studics consist of
(1) determination of the «cute oral cffects, (2) subacute studics in which the fiavouring
agents arc mixed ia the diet or adminisiered by stomach tube, and (3) chrornic feeding
studies on those flavouring zgents having wide use, having chemical structures implying
toxicity and/or showing tovic effecis in the subacute studics. The data on the acute oral
toxicity of these substances siive been reported (Jenner, Higan, Taylor, Cook & Fiizhugh,
1964). The present report is & suimmary of the subacute and ch.onic studies. Fuil ~2ports on
some of the chronic studies have been published for metayi salicylate (Weon & Hansen,
1963, safrole (Long, Ncloir, i.tzhugh & Hansen, 1963; & 30n, Jenner, Jonew  Fitzhugh,
ot o &N 196 i U psosiuTowe Lot & Yo L W62, Hazan e ol 100

Commercially-available s.aterials, rathes than pure chendcais, were useo since the
purposc of these studics was to cvaluate the tomcny of tacse materials in relation to their
usc as food additives.

EXPERIMENTAL

Rat studies. Weanling Gsborne-Mendel rats were used in the chronic and most on the sub-
acute cxperiments. In a few subucute experimen:s young acult rats of the same straun were
used. Littcr mates were uscd except for a few subacute stucies in which the weanlings were
randomized by weight (cvery icvei having animois of equal weight). A control group con-
taining the same nuinber of rats as the test yroups was included with cach test compound
except in the following stuuics in which a common group was used for a number of test
compounds:

(1) Allyl caproate, aliyi cyclohexane propionate, anisaldehyde, bepzaldehyde, carvone,

dimcthylbenzyl carbinol, ethyi sebacate, geraniol extra, piperonal and vanillin fed at 1000

ppm for 27-28 wk (control group 10 males and 10 females).
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(2) Ancthole, anisaldchyde, benzaldchyde, carvone, dimethylbenzyl carbinol, Dolcourin,
cthyl methylphenyl glycidate, cthyl pelargonate, cthyl scbacate, geraniol extra, isocugenol,
piperonal and vanillin fed at 10,000 ppm for 16 wk {control group 10 males and 10

females). :
(3) Benzyl cinnamate, cugenol and thymol fed at 1000 and 10,000 ppm for 19 wk (control

group 5 males and § females). _

(4) Ancthole, carvone and cthyl methylphenyl glycidate fed at 2500 ppm for 1 yr (control 4
group S malcs and 5 females). '

(5) Allyl caproate and allyl cyclohexane propionate fed at 2500 ppm for 1 yr (control
group 5 males and 5 females).

(6) Ethyl vanillin and vanillin fed -at 5000, 10,000 and 20,000 ppm for 2 yr (control group

12 males and 12 females).
(7) Ethyl vanillin and vanillin fcd at 20,000 and 50,000 ppm for 1 yr (control group 5

males). .

(8) Dihydrosafrole, isosafrole and safrolc fed at 1000, 2500, 5000 and 10,000 ppm for2yr

(control group 35 males and 35 females). ‘ o

. The animals were housed individually in wire cages and had access to food and water at
all times. Most of the compounds were fed in the dict, but a few were administered by
stomach tube. Fresh dicts were made and distributed weekly except in the study with allyl
isothiocyanate in which the dict was preparcd and fed daily®. When the compound was
administered by stomach tube, corn oil solutions of the flavouring were prepared. The
concentration of the solution was adjusted for cach level so that all rats reccived a constant
volume of 1 ml of solution/kg daily. The control animals were given an equal volume of corn
oil. The rat’s weizht, food intake and eencral condition were recorded every week. Hacmato-
logical examinalions were made at termination of the subacute studics, and at 3,6, 12 and
* 92 months in the chroaic experiments. These examinations included white cell counts, red
cell counts, hacmoglobins and hacmatocrits. '

At the termination of the experiments the rats were sacrificed and cxsanguinated. The
tissucs of all the rats werc examined macroscopically at the time of sacrifice. The viscera
were removed and the liver, kidneys, spleen, heart, and testes were weighed. These organs,
the remaining abdominal and thoracic viscera, and one hind leg, for bone, bone marrow,
and muscle, were preserved in 109 buflered formalin-saline solution for histopathological
examination. Fo. routinc histopathology, sections were cinbedded in paraffin wax and
stained with hacimatoxylin and cosin. Tissues irom zats dying during the experiment were
examined for gross chunges and werce prescrved if autolysis was not advanced. Organs were
not weighced but abnormalities and the suspected reason for death were noted.

Detailed microscopic cxaminations in the subacute studics were generally done on 6 or 8
rats, evenly divided by sex, from the high dose group and the control group. If changes
attributable to the test compound were found in the high dose group, additional animals on
lower dosage levels were examined as indicated. For animals from the Jong-term studics,
more cxteasive histopathological study was done.

Dog studics. Pure-bred beagles were used in the studics with safrole and methyl salicylate.
Mongrels and beaples were used in the cowmarin, cihydrocoumarin, and 6-methylcoumarin
studics. The dops were wormed and immunized against distemper, rabics, and infcctious

#Two other exceptions were the safrole rat study (Long ¢f al. 1963) and the chronic rat feeding study of
methyl salicylute {(Webb & Hansen, 1963) in which the dicts were preparced every other week and stored

" wnder refrigeration in sealed containers.
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hepatitis before treatment was begun. They were housed in individual cages with food
(commercial dry dog food) and water available at all times. The test compound was adminis-
tered by capsule daily for 6 days a week. The animals were weighed weekly and the dosages
were recalcudated at this time. Hacmatological examinations were made three times prior to
the start of trcatment and at 2 wk, 1 month, 3 months, 6 months and 1 yr after treatment
began and then at ycarly intervals until termination of the study.

At the end of a study, survivors were killed with an overdose of an intravenous barbitu-
ratc and exsanguinated. The major organs were weighed. Sections of brain (four levcls),
pituitary, salivary gland, thyroid, parathyroid, thymus, lymph nodes, lung, heart, stomach,
spleen, pancreas, kidney, adrenal, liver, gall bladder, small intestine (threc levels), large
intestine, urinary bladder, rib, skeletal muscle, and testis and prostate (or ovary and
uterus) were preserved in 1097 bullered formalin-saline for histological cxamination. In
addition liver, kidncy and adrenal sections and a femoral marrow plug were fixed in Zenker's
solution. The scctions were embedded in paraflin wax and stained with hacmatoxylin and
cosin. Frozen scctions of the liver and kidincy were stained with Oil Red O for fat. A rib
marrow smear was air-dricd and stained with the Wright-Giemsa stain. Dogs found in a
moribund condition during the experiment were sacrificed and necropsied. Dogs dying

*during the experiment were necropsicd and tissue sections preserved if autolysis was not too .

advanced. All the tissues that were preserved were examined microscopically.

RESULTS

Table 1 shows thc compounds tested; the dosc levels; number, sex and species’ of test
animals; duration; and efTccts. When the dosc level is given in ppm, the test compound was
mixed in the dict. When the dose is given in mg/kg, the test compound was administcred
daily by stomach tube to rats and (6 days/wk) by capsule to dogs. Only those cffects believed -
to be due to the administration of the compound are listed. The designation “no effect” indj-
cates that there was no effect on growth or hacmatology, and no Macroscopic or micro-
scopic change in the tissues. The designation “no macroscopic cileet” indicates that there
was no eflect on growth or haematology, and no macroscopic change in the tissucs, and that
microscopic examination cf the tissucs was not performed. Pathological changes attributable
to discase or age have not been included. For those compounds on which the toxicity studics
have been reported prcwously the reference is given in Table 1 with the name of the com-
pound.

In the evaluation of the data from the feeding studics with flavouring agents, the possi-
bility of loss of the test compound from thic experimental dict must be considered. Many of
the flavouring agents uscd in these studics were quite volatile. Studies in our laboratory have
shown that a decreasc in the concentration of some of the flavourings occurred when the
experimental dict was cxposed in the open feed cups (Jones, Taylor, & Hagan, 1962). In
order to determine the actual amount of the flavouring consumed by the animals, many of
the experimental dicts were analysed for the flavouring immediately after preparation and
again after being exposed to laboratory conditions for 7 days. The flavourings on which
analytical studics have been made and the pcr;cnt.wc loss culculated over a 7- -day period are
presented in Table 2.
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Table 1. Summary of subacute and chronic toxicity of foud flavourings and related compounds

Dose level Specics, group Duration of
Compound (ppm)a size and sex test Effects
Acctophenone . 10,000 Rat 10\ & 10F 17 wk No effect
(methyl 1-phenyl ketone) 2500 do. do. No macroscopic effect
. 1000 : do. do. do. -
Allyl butyrate S0 mg/kg do. 18 wk Growth retardation in males. Liver: macroscopic—
(ally] butanoate) rough or granular surfzce, firm consistancy, nut~
' i meg appearance; microscopic—slight to moderate
bile-duct prolifzration and fibrosis with pseudo-
lobule formation. Necrosis with polymorpho-
nuclear infiltration and swollen, foamy liver cells
. in 2 of 8 rats examined
50 myg/kg do. 17 wk Lung—slight to marked peribronchial lymphocytic
infiltration®. Liver—no effect
: . Allyl caproate 2500 SM & 5F tyr No effect
' (allyl hexanoate) 1000 do. 28 wk do,
: 100 mg/kg  10M & 10F 18 wk Liver: macroscopic — somewhat nodular and
: " wrinkled with granular or rough surface; micro-
scopic—slight to moderate bile-duct proliferation,
some lobular architectural disarrangement, slight
fibrosis, pigment in macrophages; necrotic foci in
2 of 8 rats examined
65 mg/kg do. do. Liver: microscopic—very slight bile-duct prolifera-
o tion in 2 of 8§ rats examinede
15 mg/kg do. do. No cffecte
Allyl cyclohexane propionate 2500 SM & SF . 1yr - No cflect
(allyl 3-cyclohexylpropionatc) 1000 do. 27-28 wk do.
Allyl isothiocyanated 10,000 do. 26 wk do.
' 2500 do. do. No macroscopic effect
1000 do. do. do.

sUnless otherwise stated. .o .

vControls had stight to marked peribronchial lymphocytic infiltration not as scvere as with the 50 mg/kg/day dose.

eMicroscopic examinations were made on the liver only. i

6The dict was prepared daily because ol the extreme volatility of this compound. A control group pair-fed with the 10,000 ppm group was included in this
study in addition to the usual untreated control group. " ' :

. .

124

-

E S ¥ Kil

IR T ceeena——

“p 32 SINOS *1 *M “HANNI[ ‘W 'd ‘HONHZIU 'O 0 *NISNVEL 'H "M ‘NVOVH D 1




TN Ul G s daaaedd . . Teutie © ™ as severe as with the 57) mglg/diay dose. - : - :-h~
dControls had slight to marked p-;nhmnuul.xl !l‘{ mp‘u\l)tu. infiltration not as severe as B/ N
icroscopic examinations were nunde on thediver only, . e a0 . g
::\l'x!';:'r:!i:?ixl.:ﬂ‘;r‘:‘;:f:rsti\\!.li!y‘bcc;msc of the extreme v)o!‘.ltih!y of ¥ “und. A control group pair-fed with the 10,000 ppm group was included !"
study in addition to the usual untreated control group.
— “ T e e e Bl . d
Table | continued -
Dose level Specics, group Duration-of
Compound (ppm)» size and sex . test Effects
Ally! isothiocyanated 50 mg/kg Rat 5M & SF 20 days Stomach: macroscopic—non-giandular part of the
: stomach was thickened, with lining ooccasionally
roughened; microscopic—slight to moderate
epithelial hyperplasia of the non-glandular part of
the stomach, with acute to subacute ulcers from 2
to 6 1/2 mm across obscrved in 2l animals. Liver:
microscopic—minor inflammatory foci
20 mg/kg do. 20 days Stomach: macroscopic—same as seen in the 50 ma/
. ) kg animals; microscopic—the same type of ulcera-
tion as scen in the higher dose, occurring in 50% of
the animals
Amyl butyrate 10,000 10M & 10F 16 wk No cflect 3
(pentyl butyrate) . 2500 do. do. No macroscopic effect %
' 1000 do. do. do.
Amyl valcrianate 10,000 do. 13 wk No cffect g
(peniyl pentanoate) 1000 do, do. No macroscopic effect o
Ancthole 10,000 SM & SF 15 wk Liver: microscopic—slight hydropic changes of &
(1-mecthoxy-4-propenylbenzenc) . hepatic cells in males only §
2500 do. 1.yr - No effect
Anisaldehyde T 10,000 do. 15 wk No effect 9
(p-methoxybenzaldehyde) 1000 do. 27-23 wk do. E
Benzaldchyde 10,000 do. 16 wk do. <
1000 do. 27-28 wk do, - 8
Benzyl cinnamate 10,000 do. 19 wk do. . =
(cinnamein, benzyl f-phenylacrylate) 1000 do. do. No macroscopic effect 2z
Calomus oil . 10,000 10M & 10F 18 wk Desc-related growth depression, greater in males &
’ than, in females. Increased mortality, Large
amounts of clear fluid in the abdominal cavity.
Liver: macroscopic—variable in appearance with
some lobes reduced in size with rough surfaces
and others smooth, abnormally rounded, and
enlarged; microscopic—variation in cell size,
capsular thickening, profiferation of bile duct
epithclium, portal arza fibrosis with haemo-
siderin deposition (females more severely affected
than males). Heart—minimal to slicht myocardial
degeneration characterized by varving degrees of
nccrosis of muscle fibres, early fibrosis, and infil-
tration with mononuclear cells [
©Young adult animals werc used., &
1]
b 4 3
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Dose level Species, group Duraiion of
Compound (ppmp size and sex test ) Effects
Calamus ofl 5000 Rate 10M & IO0F 18 wk Growth depression. Moderate amounts of clear

fluid in the abdominal cavity, Liver—same
changes as with 10,000 ppm but less severe.
Heart—same changes as with 10,000 ppm but
. lower incidence

do. : 2500 do. do. Growth depression, Liver—same changes as with
50C0 and 10,000 ppm but less severe. Heart—
same changes scen with the 10,000 ppm dose were
secn in | ol' 6 rats examined

. 1000 SM & SF do. Growth depression
Carvone 10,000 do. 16 wk Growth retardation, testicular atrophy
(£-mentha-6,8-dien-2-onc) 2500 do. 1yr, No effect
. 1000 do. 27-28 wk do.
Cinnamic aldchyde 10,000 10M & 10F 16 wk Liver—slight hepatic cell swelling. Stomach-—slight
' (cinnamald:hyde) hyperkeratosis of squamous. portion
2500 ' do. do. No effectf
1000 do. do. No macroscopic effect
Citral 10,000 do. 13 wk No effect
(3,7-dinmicthyl-2,7-octadicnal) 2500 do. do. No macroscopic effect
. . 1000 do, do. ) o.
Coumarinrh 10,000¢ IM & 3F 4 wk Marked growth retardation, testicular atrophy.
(2H-1-benzopyron-2-one) . Liver: microscopic—slight to moderate damage

consisting of dead and dying cells, decrease in
oxyphilia and cytoplasm .in the centrolobular
. cells, and proliferation of bile ducts
* 10,000 10M & IOF 1-8 wk Marked growth retardation. No animal survived
- beyond 8§ wk. Liver: microscopic—slight to
moderate damage of the type seen with the 10,000
ppm dose for 4 wk

H fMicroscopic examinations were made on the stomach only,
sToxicity study will be presented in a scparate report,
bNct acceptable for food use besause of toaic cffects observed in chronic feeding studlcs
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Table 1 continucd

Dose level
Compound (ppm)p»

Specics, group
size and sex

Duration of
test

Coumarinth . 1000
(2H-1 benzopyron-2 one) 1000
2500

5000t

10004

Rat 10M & 10F
SM & SF
6M & 6F

do.

SM&TF
6M & 6F

14 wk
28 wk
29 wk

2yr.

2yr
do.

No effect
do.

Growth retardution, Liver: masroscopic—slight
mottling in the males; microscopic—slight mid-

zonal fatty change in bath sexes but more marked.

in the males

Growth retardation. Normal food utilization
{measured for first vear). Haemogram-decrease in
haemoglobin. Liver: macroscopic—en'argement,
distortion by poorly to well delincated masscs,
pale pin-point foci; microscopic—focal prolifera-
tion of bile ducts of atypical appearance with
associated fibrosis (cholangiofibrosis) situated in
the masses described grossly and not clearly de-
lincated from the surrounding hepatic parene
chyma, slight degree of fatty metamorphosis, very
slicht to slizht architectural irregularity, very
slight to slight variation in cell size, very slizht
proliferation of bue ducts of the normal type,
minimal focal necrosis

Liver—slizht damage of the same type as seen with
the 5000 ppm dose ; cholangiofibrosis was not seen

Liver—minimal damage of the same type as scen
with 5000 ppm dose; cholangiofibrosis was not
seen .

No cffect

1Corn oil added to dict at a level of 3% (w/w). Two control groups were included in the study. Corn oil was added to the dict of one control group; the diet

of the other group was untreated.
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Dosglevel  Specics, group Duration of :
Compound ] (ppm)s size and sex test Effects
Cogmar inzk 100 mg/kg Dog IM & IF 9-16 days Male killed in extremis after 9 days, Female lound
(24 -1-benzopyron-2-one) dcad on day 16. Marked cmaciation, slight de.

hydration, and slight jaundice. Liver: macro-
scopic—moderate to marked yellow colour and
moderate “nutmeg” appearance; microscopic—
marked disorganization of the lobular pattern,
moderate increase in size of liver cells (with varia.
tion ranging from slight atrophy to a great
increase), slight to moderate vacuolation, modar-
ate to large amount of aiffuscly distributed fat,
slight to moderate focal necrosis, fibrosis ranging
from slight (centrolibular) to moderate to
marked (portal) and very slight to' moderate bile-
duct proliferaticn. Splcen—macroscopic moder-
.. ately pale. Gastro-intestinal tract—intestinal con-
. tents thick, dark, and tarry. Bone marrow—thin
and fatty. Gall bladder-~moderately distended
50 mg/kg M & IF . 35-277 days Emaciation; slight to modsarate jaundice in the two
: . fcmzle dogs. One death at 35 days; remaining
dogs sacrificed at intervals between 45 and 277
deys. Liver: macroscopic—moderately  yellow
colour with “nutmeg" appearance ; microscopic—
the same changes as with the 100 mg/kg dose
except that the liver cell vacuolation was greater,
Spleen—Ilarge amount of haemosiderin, Bone
" marrow—pale
25 mg/kg do. 133-330 days Modérate emaciation and slight jaundice in one
female. Weight gain in remaining dogs. Liver—
slightly pale in two dogs, dark red in a third and
yellow, markedly “nutmeg™ in the fourth; micro-
scopic—liver changes like thosc seen on the S0
mg/kg dose to the same degree inone dog and less
severe in the other three. Spleen—moderate
haemosiderosis. Gail bladder-~moderately dis-
tended in two aninials

. 10 mg/kg 2M & 2F 297-350 days No d:finite cffect
Dihydroancthole 10,000 Rat 10M & 10F 19 wk Bone—slight ostcoporosis of the tibia and femur
(1-methoxy-4-propylbenzene) (6/10)
2500 do. do. Bone—slight to very slight ostcoporosis (6/10)
1000 do. do. Bone—very slight osteoporosis! (4/10)

il

IIn the control group slight osteoporosis was scen in one of 10 amimals.
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Dihydroancthele
(1-methoxy-$-propylbenzene)
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©/10) - ,
Bone—slight to very slizht osteoporosis (6/10)
Bonc—very slight ostecoporosis! (4/10)

fIn the control group stight ostcoporosis was scen in one of 10 animals.

- —— g w——

Table 1 continued

e

Compound

Dose level Species, group
{(ppm)* size and sex

Duration of

test

Effects

Dihydroan:thole
{l-methoxy-4-propylbenzene)

Dihydrozoumarin
(1,2-benzohydropyrone)

Dihydrosafroleh

(1,2-methylencdioxy-4-propylbenzene)

(Long & Jenner, 1963)
(Hagan et al. 1965)

Maxima! dose Rat 20M

5000 mg/kg

10,000 10M & 10F
1000 do.
150 mg/kg Dog IF
50 mg/kg IM&IF
- 10,000 Rat J0M & 10F

5000 25M & 25F

2500 10M & 10F

32 days

14 wk
.do.

do.

do.

do.

Initial dose 2000 mg/kg increased gradually to 5000
mgfkg. Scven of the animals survived the full 32
days of trcatment and 16 lived Jong enough to
receive the maximal daily dose of 5000 mg/kg

Stomach: macroscopic—mucosa of the fore-
stomach showed .coalescent areas covered by
thick flaky whitc material punctuated by minute
ulcers; microscopic—modcratcly severe degree of
hyperkeratosis’ of the stratified squamous epi-
thelium in the forestomach. Bone—moderate
degree of osteoporosis

No cflect

do.
do.
do. .

Growth rctardation in both sexes. Ocsophagus—
benign epidermoid papillomas and malignant
papillary cpidermoid carcinomas; 759 of the
rats showed ocsophageal tumours, 50% of the
tumours were malignant, Liver: macroscopic—
enlargement: microscopic——slight damage of the
same type as that scen in the safrole-treated rats
(scc safrole rat—2-yr feeding study). Spleen—
moderate follicular atrophy )

Growth retardation in both sexes. Oesophagus—
747, of the rats showed ocsophageal tumours,

. 329, of the tumours were malignant. Liver:
macroscopic—enlargement;  microscopic—slight
damage of the same type as scen in the safrole-
treated rats. Spleen—moderate follicular atrophy

Growth retardation in the females. Ocsophagus—
207 of the rats showed ocsophageal tumours, 597
of which were malignant. Liver: macroscopic—
enlargement; microscopic—slight liver damage of
the same type as scen in the safrole-treated rats.
Kidney—moderate increase in chronic nephritis
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Duration of

Dose level Species, group
Compound (ppm)r size and sex test Effects
Diydrosafroled 1000 Rat 10M & 10F 2yr. Growth retardation in the females. Liver: macro-
(1.2-methylencdiovy 4-propylbenzene) " scopic—slight enlargement; microscopic—slight
(Long & Jenner, 1953) liver damage of the same type as that secn in the
(Havan er al.1965) safrole-treated rats. Kidney—moderate increase
in chronic nephritis
Dimethyitenzy! carbinol 10,000 SM & SF 16 wk No effect
(1, 1-dimathy l-«p. weny lctkanol) 1000 10M & 10F 28 wk do.
Dolrourink 10,000 5M & 5F 16 wk do.
Etiy! eaprytate 10,600 10M & IOF 17 wk do. .
(etity] penanoate) 2500 do, do. No macroscopic effect .
. 10G0 do. do. do. .
Ethyl formate 10,C00 do. 17 wk No cffect
2500 do. do. ‘ No macroscopic effect
1000 do. do. do.
Ethyl mathyinheny! ghyveidate 10,000 SM & SF 16 wk Growth rctardation most obvious in males
(cthyl estor of 2,3-cpoxy-3-methy!-3- : Testes—marked atrophy
phenyinrepionis acid) 25C0 do, 1yr No eflect
Ethy! oenanthate 10,0620 10M & 10F 13 wk do.
(cthyl heptanoate) 1000 do. do. No macroscopic effect
Ethyl oxyhydratel 10,000 do. 17-18 wk Liver: microscopic—very: shght swelling of hepatle
cclis in males
2500 do. do. No macroscopic effect
1000 do. do. do.
Ethyl pelargonate ) 10,60 5M & 5F 16 wk No cffect
(cthy! nonanoate) :
Ethyl sebacate 10,000 do. 17-18 wk do.
1000 do, 27-29 wk do.
Ethyl vanillin 50,000m M 1yr do.
(3-cthoxy-4-hydroxybenzaldehyde) 20,000m do. do. - do.
20,0000 12M & 12F 2yr do.
10,0700 do. do. do.
56002 do. do, do.
Eugenol 10,000 10M & 1I0F 19 wk do.
(l-hydroxy-z-mcthoxy-at-alhlbcnzcnc) 1000 do. do. No macroscopic effect

kDolcourin is a trade mark name for a substance suppl.cd by Dodge and Olcott, Inc. as a coumarin substitute.
IEthyl oxyhydrate is a mixturc whose composition varies with the method of manufacturc The material used in this study was obtdined from Florasynth

L1bs Inc,, N.Y.

(»\/w) corn oil added to control and tast dicts as a binder to reduce evaporation of the flavouring.
53"/, (w/w) propyicne glycol added to control and test dicts as a binder to reduce evaporation of the flavourings.
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Table 1 continued )

Dose level Spuvies, group Duration of
Compound (ppm)s size and sex test Effects
Eugenol Maximal dose Rat 20M 34 days Initial dose 1400 muikg increased gradually 1o 4000
(1-hydroxy-2-mecthoxy-4-allylbenzenc) 4000 mg/kg mgfkg. Eight of the animals survived the full 34
) days of treatment and 15 lived long enough to
. receive the maximal dose of 4000 mg/kg
Stomach: macroscopic—mucos2 of the forestomach
showed coalescent arcas covered by thick flaky
white material purcteated by minute ulcers;
microscopic—moderately severe degree of hyper-
kcratosis of the stratified squamous epithelium in
the forestomach. Bone—small degree of osteo- .
. : ' porosis

Eugenyl axctate 10,000 10M & 10F 19 wk No effect 3

{I-acctoxy-2-methoxy-4-allylbenzenc) 2500 do. do. No macroscopic cffect <]
1000 do. : do. do. g
Geraniol extra 10,000 5M & SF 16 wk No effect

. (3,7-dim:thyl-2 6-octadienol) 1000 do. 27-28 wk do. (=]
(3.7-disethyl-1,6-octadicnol) . -
Geranyl acetate 10.000 10M & 10F 17 wk do. g
2500 do. do, No macroscopic effect 5]

1000 do. do, do.

Tonone standard 10,000 do. do. Liver: microscopic—slight to moderate swelling of E
{609 «-iononz,4-(2,6,6-trimethyl-2- . : parenchymal cells -3
cyclohexen-1-51)-3- bx.tcn-‘.’-onc and 2500 do. do. Liver: microscopic—slight amount of swelling of ¢
40°; B-ionone, 4-(2,6,6-trimethyl-1- parenchymal cellse ]
cyclohiexen-1-yl)-3-buten-2-onc] 1000 do. do. Liver: microscopic—very slight amount of swelling g

of the parenchymal cellse @

Isocugenol 10,000 5M & SF 16 wk - No eflect

. (1-hydroxy-2-methoxy-4-propenylbenzene)
Isosafroleh 10,000 10M & 10F 11 wk Growth retardation in both sexes. No rats on this

dose survived beyond 11 wk of treatment. Liver:
macroscopic—cnlargement; microscopic—slight
- damage of the same type as secn with safrole
(Hagan et al, 1965) 5000 25M & 25F 2yr Growth retardation in both sexes. Testes—increased
. . number of interst:tial cell tumours. Liver: macro-
scopic—enlargement; microscopic —slight damage
of the same type as seen with safrole. Five rats had
primary hepatic tumours (two of these had hepatie
cell adenomas and three had hepatic cell carcin-
omas). Kidney—increased incidence of chronic
nephritis, Thyroid—slight hyperplasia

11
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Dose level Species, group Duration of .
Compound (ppm)* size and scx test ‘Effects
Isosafrolch 2500 Rat 10M & 10F 2yr Slight growth retardation in females. Liver: macro-
(Hagan et al. 1965) i scopic—slightly enlarged; microscopic—slight
- damage of the same type as scen with safrole, no,
primary hepatic tumours, Thyroid—slight hyper-
plasia ‘

1000 do. do. Slight growth rctardation in females. Liver: micro-
scopic—slight damage of the same type as seen
with safrole

Linalyl cinnamate 10,000 10M & 10F 17 wk No effcct
.- 2500 do. do. No macroscopic effect
1000 do. do. do.
Linalyl isobutyrate 10,000 do. 18 wk No effect
2500 do. do. No macroscopic effect
1000 do. do. do.
Methy! anthranilate 10,000 do. 13 wk No effect
{c-aminobenzoic acid, methyl ester) 1600 do. do, No macroscopic effect
6-Methylcoumarin 15,000 25M & 25F 2yr Depression of growth, severe in males and moderats
(6-mcihyl-2H-1-benzopyran-2-onc) in females, and paralieled by decrease in food in-
take. Liver: microscopic—slight fatty metamor-
phosis, and very slight bile-duct prolifceration and
focal telangicctasia, Testes—moderate atrophy,
probably due to growth retardation

7500 do. do. Depression of growth in males

3500 do. do. No effect

1000 do. do. do.

500 do. do. do.

10.000 10M & 10F 14 wk do.

1000 do. do. do. .

150 mg/kg Doz IM 39 days Sacrificed because of weakness, emaciation, de-
hydration. Liver: microscopic—moderate to
severe hepatitis,  Skeletal muscle—slight to
moderate atrophy

50 mg/kg IM & IF 2yr No effect
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- severe  hepatitis, s.n < ll muu.lc~— 3. ‘e v o :
y ’ moderate atrophy = )
350 mg/kg fe 2yr No effect
Table 1 continued
Dose level Specics, group Duration of
Compound (ppm)s sizc and sex test . Effects
Methyl salicylate 20,000 Rat 24M & 26F 49 wk Growth retardation, rough coats. All dead by wk 49.
(o-hydroaybenzoic acid, methyl ester) . Bone: microscopic—excess of cancellous tissue
(Webd & Hansen, 1963) 10,000 25M & 25F 2yr Growth retardation, rough coats, Bone: micro-
scopic—slight ¢xcess of cancetlous tissue
5000 do. do. Bone: microscopic—slight excess of cancelfous tissue
1000 do. do. No effect
10,000 10M & 10F 17 wk Growth rctardation

1000 do. do. No macroscopic effect )

1200 mg/kg Dog IM & IF 3 days Died, weight loss. Liver: macroscopic—slightly
pale, "nutmeg” in appcarance; microscopic—
moderate to marked 2mount of fat

800 mg/kg IM 29 days Sacrificed, weight loss. Liver: microscopic—trace of
fat
800 mg/kg IF 4 days Died, weight loss. Liver: macroscopic—slightly pale,
“nutmeg” in appearance; microscopic—moderate
to marked amount of fat
500 mg/kg IM & IF 8-9 days Sacrificed—No effect
250 mg/kg do. 51-52 days do.
100 mg/kg do. 52-53 days do.
50 mg/kg do. 53-59 days do.
350 mg/kg 2M & IF 2yr Weight loss. Liver: macroscopic—enlarged; micro-
scopic—enlarged hepatic cells
150 mg/kg 2M & 2F do. Growth retardation. Liver: macroscopic—enlarged;
"microscopic—enlarged hepatic celis
. 50 mg/kg do. do. No effect
Phenylethyl phenylacetate 10,000 Rat 10M & 10F 17 wk do. :
2500 do. .do. - No macroscopic effect
1000 do. do. do.
Piperonal 10,000 5M & SF 15 wk No effect
(3,4-mcthylencdioxybenzaldehyde) 1000 do. 27-28 wk do.
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Compound

Dose level
(ppm)*

Species, group
size and sex

Duration of
test

Effects

Safrolch

10,000

(1.2-rrethylencdioxy-4-allylbenzenc)

{Hazan er al. 1965)

2500

Rat 10M & I0F

25M & 25F

10M & 10F

62 bwk

2y

Al

Growth retardation in both sexes. All rats dead by
wk 62. Testes—atrophy. Stomach—atrophy and
atypical regensration of the mucosa glands with
associated fibrosis and hyalinization of the sur-
rounding stroma most severe at the base, Liver:
macroscopic—cenlarged (2 to 3 times the normal
size), mottled and irregularly nodular, with single
or multiple tumour masses; microscopic—
hepatic cell enlargement, which was usually focal
and resulted in the formation of nodules. The en-
fargement was chicfly of the cytoplasm, which
appeared normal in some cells but showed fatty
metamorphosis or peripheral migration of the
basophilic cytoplasmic granules in other cells. The
nodules tended to progress in ons of 3 ways
(sometimes all 3 were seen in the same liver): (1)
cystic necrosis; (2) cirrhosis; and (3) adenomatoid
hyperplasia, leading to the formation .of both
benicn and malignant tumours (hepatic cell
adenoma, hepatic cell carcinoma, hepatochol-
angioma, hepatocholangiocarcinoma)

Growth rctardation in both sexes. Increased
mortality in the males. Liver—changes of the
same type and severity as scen with the 10,000
ppm dose cxcept for the occurrence of macro-
scopic cysts and a higher incidence of tumours in
the lower dose, statistically-significant increase in
malignant primary hepatic tumours. Stomach—
same type of changes as with 10,000 ppm dose,
Kidney—slizht increase of chronic nephritis in the
females. Thyroid—mild hyperplasia

Growth retardation in both sexcs. Liver—maderate

liver damage of the same type as ssen with the

10,000 prm dose with the exception of cirrhosis.
Kidney—moderate increase of incidence of
chronic nephritis.
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Table | continued

Compound

Dose level Species, group
(ppm)p size and sax

Duration of
test

Effects

Safrolck
(1.2.methylenedioxy-4-allylbenzenc)
(Hazan et al. 1565)

(Long e: al. 1963)

1000 Rat 10M & 10F

5000 25M & 25F

1000  25M & 25F

500 do.

100 do.

80 mg/kg Dog 2M & 2F

40 mgfkg do.

2yr.

do.

do.

do.

~ do.

26-39 days

91-116 days

Growth retardation in the females. Liver—slight
liver damage of the type seen with the 10,000 ppm
dose, except that malignant tumours and cirrhosis
were not seen with.this dose. Kidney—moderate
increase in chronic nephritis in the males.

Growth rctardation in both sexcs. Hacmograms—
mild anacmia, stight leucocytosis. Liver—marked
liver chaneas (including malignant tumours but
only rare cirrhosis) of the type scen with the
10,000 ppm dosz. Statistically-significant increase
in benign and malignant primary liver tumours.

Liver—slight to moderate damage ‘of the same type
scen with the 10,000 ppm dose except that malig-
nant tumours and cirrhosis were not seen

Liver—slight damage of the samc type secn with the
10,000 ppm dosc except that cirrhosis was not szen

Liver—very slight damage of the same type secn
with the 10,000 ppm dose except that cirrhosis
was not secn

One dog dicd; the remaining dogs were sacrificed in
a monbund condition, Marked wcight loss.
Skeleta! muscle—moderate to severe atrophy in 2
of 4 dogs. Liver: macroscopic—slight enlarge-
ment in 2 of 4 dogs; microscopic—heavy infiltra-
tion of fat, occasional bile-duct proliferation and
inflammatory-cell infiltration, slight to moderate
streaking with necrobiosis and liver cell atrophy

Emaciation, general weakness. Liver: macroscopic
—slight enlargement in 3 of 4 dogs; microscopic—
slight fat infiltration, moderate hepatic cell
atrophy and necrobiosis as at 80 mg/kg

SONIMNOAV1I G001 40 ALIDIXOL
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! Dose level Specics, group Duration of
t Compound (ppm)a sizc and scx test Effects
3
)
X Safroleh 20 mg/kg Dog 2M & 2F 6yr Liver: macroscopic—slight to moderatc enlarge-
. (1.2-methy 'encdioxy-4-allylbenzene . ment, nodular surface; microscopic—mild post-
i (Long et al. 1963) . necrotic  ¢irthosis | characterized by focal or
T generalized nodules, consisting of enlarged
! hepatic cells with slight focal fatty vacuolization,
J separated by bands of atrophied hepatic cells and
! collagen; slight lymphocytic, Kupfler cell and
: bilc-duct proliferation; minimal focal nccrosis.
. Thyroid—hyperplasia
1
i 5 mgrkg do. do. Liver: microscopic—minimal focal necrosis, bilc-
‘ duct proliferation, fatty metamorphosis, hepatic
cell atrophy and leucocytic infiltration
! Terpinyl acetate 10,000 Rat 10M & 10F 20 wk No effect
{p-menth-1-cn-8-0l ester of acctic acid) 2500 do. do. No macroscopic effect
1000 do. do. do.
: Thymol 10,000 5M & 5F 19wk ° No effect
T (p-¢ymen-3-o!; hydroxy-p<cymenc) 1000 do. do. No macroscopic effect
. ;
! y-Valerolactone ’ 10,600 10M & 10F ‘ 13 wk No effect
i (4-hydroxypentanoic acid lactone) 5000 do. do. do. .
: “- 2500 11M & 9F do. do.
- 1000 10M & 10F do. do.
Vanillin £0,000m M S lyr do.
(4-hydroxy-3-methoxybenzaldehyde) 20,000 do. do. do,
70,0000 12M & I2F 2yr do.
19,0000 do. " do. do.
5000n do. do. do.
10,000 5M & 5F 16 wk do.

1000 do. . 27-28 wk do.
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*100-- (100 < day 7 recovery/day 0 recovery).
tReported by Jones ef al. (1962). Recovery data on the remaining compounds were supplied by W. I, Joncs.
IDihydrocoumarin was partially converted to melilotie acid when mixed with the laboratory dict; the test

- ! TOXICITY OF FOOD FLAVOURINGS 157 .
: Table 2.  Loss of food flavourings from taboratory animal dicts during a 7-day period
! ~ Percentage Percentage
. Flavouring loss® Flavouring loss®
Acctophenone K] Eugenyl acctatet 6
R Allylcaproate 3] " Geranyl acctatet 4 - .
§ Amyl butyratet k | SN lononct 1
: ‘ Ancthole 6 Isosalrolc 5
! Catamuz oil 0 . Linalyl cinnamate 4
Fi Cinnamic aldchyde 14 Linalyl isobutyrate 7
Citral 58 Mcthy! salicylatet 3 & 5§
. Dihydroanctholed 16 Phenylethyl phenylacetate (]
Dihydrocoumarin -1 Safrole : 12
! Dihvdrosafiole 6 : Terpinyl acetate 7
l Ethyl caprylatet KX}

animals ingested a mixture of the (wo compounds,
e §The two values for pereentage loss indicate two different analytical procedures.
L3
_ REFERENCES
: :
b .I Hagan, E. C., Jenner, P. M., Jones, W, 1., Fitzhugh, O. G., Brouwer, J. G. & Wcbb, W. K. (1965). Toxic
o ; propertics of compounds related to safrole. Tovie. appl. Pharmac. 1, 18. .
it & Jenner, P M., Hawn, E. C., Taylor, I. M., Cook, E. L. & Fitzhogh, O. G. (1964). Food flavourings and
5 compounds of related structure. 1. Acute oral toxicity. £ Cosmict. Toxicol. 2, 327, .
. : Jones, WV, 1, Taylor, ). M, & Hagan, L. C. (1962). The loss of food ilavors from laboratory animal dicts, -
. J. Ass. off. agcric. Chem. 48, 781, -
! Long, E. L. & Jenner, P. M. (1963). Esophageal tumors produced in rats by the feeding of dihydrosafrole.
i . Fean Proc. Fedn Am. Soes exp. Biol. 22, 275,
Long, E. L., Nelson, A. A, Fitzhugh, 0. G. & Hansen, W, H. (1963). Liver tumors produced in rats by
feeding salrole. Archs Path. 75, 595, :
; —; . Webb, W, K. & Hanscn, W, H. (1963). Chronic and subacute toxicology and pathology of methyl saticylate

in dogs, rats, and rabbits. Tovic. appl. Pharmac. 5, 576.

- Substances d’assaisonnement et composés de structure connexe.
II. Toxicité¢ subaigué ct chronique

‘ Résumé—On a ¢tudié sur des rats Ja toxicité subaigué ct chronique dc 48 substances d’assaison-

nement. Oa a également ¢tudic sur des chicns la toxicits de cing d’cntre clics {coumarine, 6-

méthylcoumarine, dihvdrocoumarine, salicylate de méthyle ct safrol). On a présenté un résumé

- de ces études, On a détermine aussi la depérdition de 21 substances d'assaisonnement en 7
Jjours, dans des régimes pour animaux de laboratoire.

N - -
ived

et o

Lebensmittel-GeschmacksstofTe und Verbindungen verwandter Struktur,
IL. Subakute und chronische Toxizitit

Zusammenfassung—Dic sabakute und baw. oder caronische Toxizitiit von 48 Lcbensmittel-
Geschmackszusiitzen wurde an Ratien untersucht. Dic Toxizitit von finf dicser Geschmacks-
stoffe (Cumarin, 6-Methvicumarin, Dihydrocumarin, Metiylsakieviat und Safrol) wurde auch
an Hunden untersuchit, Fine Zusammealassung der Versuchsergebnisse wird vorgelegt, Der
Verlust von 21 Geschmacksstollen aus dem Futter von Laboratoriumsticren wiihrend ciner 7-
Tage-Periode wurde cbenlalls bestinunt.
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deic Properties of Compounds Related to Safrole

Exnest C. Hacan, Paur M. JENNER, Wit I. Jones, O. GARTH FITZHUGH
Evreanor L. Long, J. G. BROUWER, aAND WiLLIs K. WeBB!

Division of Pharmacology, Food and Drug Administration, US. Depariment of Health,
Education, and Welfare, Washington, D. C. )

Received August 27, 1963

Dihydrosafrole (1,2-methylenedioxy-4-propylbenzene) and isosafrole (1,2-methyl-
enedioxy-4-propenylbenzene) are chemically related to safrole (4-allyl-1,2-methylene-
dioxybenzene) ; allyl heptylate, a pineapple flavor, to safrole through a common allyl
moiety. Eugenol (1-hydroxy-2-methoxy-4-allylbenzene) is the principal ingredient of
oil of cloves; piperonal (3,4-methylenedioxybenzaldehyde) contributes to vanilla and
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) Fic. 1. Liver of rat given 5000 ppm safrole in the diet for 89 weeks. The grade 1 trabecular
S : hepatic cell carcinoma at the right, with its sinusoidal telangicctasia and trabeculac two or more
cells in thickness composed of enlarged cells with hypertrophied nuclei, is clearly scparated by
a thin fibrous band from the nonncoplastic fragment of liver at the left. Hematoxylin and eosin.

D 1 Magnification: X 125.

RS
.

1 Present address; Mead -Johnson and Company, Evansville, Indiana.
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TOXICITY OF SAFROLE-RELATED COMPOUNDS 19

. : - cherry llavers. Allylbenzene and methylenedioxybenzene are related chemicals, Saf-

e is reported as producing benign and malignant liver tumors (Fig. 1) when fed
tu rats for chronic periods (Long et a., 1963).

, C Because of the use of some as flavors, and of chemical relationships, a study of
s Related to Safrole their toxic effects was considered desirable. .
[ Joxxs; O. GartH FirzHUGH AFROLE ' : M’-&
ANp WirLis K. Wess? —CHp _ .i-,“z :
tration, US. Department of Health, -!! 0
rington, D. C. o .
1903
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S : METHODS
for 89 woeks. The erade 1 wrabecular Aente Toxicity
wiectasia and trabeculie two or more . . . . . . N
sphied nucli. is clearly separated by Oral LD:us were obtained by administering undiluted or corn vil concentrations of
er at the leit. Rematoxylin and eosin, the materials by stomach tube to youny adult rats, mice. and guinea pigs. Food was

withdrawn 18 hours prior to dosing rats and guinea pigs: mice were treated on

fle, Tndiana, full stomachs.
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| . 1 20 ERNEST C. HAGAN ET AL.
: Subecute Toxicity -

Groups of young adult Osborne-Mendel rats of both sexes received increasing doscs
. of dihydrosafrole and isosafrole by oral intubation for periods ranging up to 103 duy<.
] . Safrole was administered as a comparative measure since it produced liver chanzes
- previously by subacute as well as chronic administration.

Increasing doses of eugenol ranging from 1400 to 4000 mg/kg were administered
’- 1 similarly to rats for 34 days. Six groups of Swiss mice were treated with daily doses
of 250 and 500 mg/kg daily of allylbenzene, methylenedioxybenzene, and sairole for
60 days. Allyl heptylate was fed to weanling Osborne-)Mendel rats of both sexes at
dietary levels of 10,000, 2300, 1000, and O ppm for 18 weeks, and piperonal at 10,000
and 1000 ppm for 16 and 28 weeks, respectively.

I Ry

PR

L Chronic Toxicity _

: ' v 1. Dihydrosafrole, safrole, and isosafrole were fed for 2 years to groups of 30
- ' : weanling rats (235 males; 25 females) at 5C00 ppm. Additional groups of 20 rats (10

, males; 10 females) were fed 10,000, 2500, 1000, and O ppm for the same period.

R . I1. Four groups of six beagle dogs, evenly distributed by sex, were started on allyl

L heptylate at doses of 75, 25, 5,and 0 mg/kg, day administered by capsule.

e

} : o N RESULTS
! Acute and Subacute Oral Toxicity
i C Toxicologic findings are summarized in Tables 1 and 2.

Daily administration of eugenol by stomach tube resulted in a few deaths at 2C00
mg kg, but mortality was augmented as dosave was increased to 4000 mg - kg. This is
' . understandable since for rats the acute LD, is 2650 mg. kg (Table 1).

: - Methylenediosybenzene was somewhat more toxic in mice than safrole at daily

doses of 300 mg/kg; percentage mortalities were 81 and 63, respectively. At 250
i TABLE 1
; Acure Oran Toxicrty
' . Compound Animal Sex LD, (mg kg)? Slope function
: Allylbenzene Rat MAF 5540 (4620-665C) 132220
o ' Mouse * 2900 (2500-3360) 1.4 (L.1-1.7)
' ARyl heptylate Rat 500 (392-638) 1.5 (1.2-2.)
; _ Mouse 630 (514-772) 1.5 (1.2-1.%)
i Guinea pig 444 (363-341) - 1.6 (1.2-2.3)
- ! Dihydrosafrole Rat 2260 (1840-2750) 1.7 {14-20)
i Mouse _ 3700 (3010—4550) 1.2 (1.1-1.9)
i Eugenol . Rat ° 2680 (2420-2970) 1.2 (1.1-1.4)
: Mouse 3000 (2400-3730) 1.8 (1.3-2.3)
; Guinea pig 2130 (1360-2430) 1.3 (1.2-1.5)
: . Isosafrole Rat 1340 (1140-1340) 14 (L2-1D)
! Mouse 2450 (20103040} 1.7 (1.3-2.0)
Methylenedioxybenzene Rat $30 (487-690) 14 (1.2-1.9)
Mouse ’ 1220 1976-1520) 14012409
Piperunal Rat . . 2700 (2330-3100) T3 (LI=2O
Safrole Rat 19=0 (1760-2160) 1.3 (0.6-3.0)
: Mouse ' 2330 (2010-2730) 1.3 (1.1-160

¢ Litchiield and Wilcoxen (1949).
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Slope function
(4620-6630) 1.5 (1.2-2.0)
(2200-3360) 1.4 (1.1-1.7)

392-638) 1.7 (1.21-22

514-572) 1.5 (1.2-1.8)
363-341) 1.6 (1.2-2.3)
(1840-2750) 1.7 (14-2.0)
(3010-43350) 1.2 (1.1-1.9)
(2420-2970) 1.2 (L1-13)
(2400-3730) 1.8 (1.3-2.3)
(1860-24.0) 1.3 (1.2-1.3)
(1140-1390) 1.4 (1.2-1.7)
 (2610-3040) L7 (1.3-2.2)
(437-690) 14 (12-1.7)
) (976-1320) 1.4 (1.2-1.79)
 (2330-3100) 1.5 (1.1-2.0)
) (1760-2160) 1.3 ¢0.6-3.0)
) (2010-2730) 14 (1.1-1.6)
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TOXICITY OF SAFROLE-RELATED COMPOUNDS . 2

: . TABLE 2
Letuar Errecrs or Rars Reczvixe Ixcreastxc Dosts oF SarsoLe AND RetatEp Coapouxos
Concentration
in corn oil " Dose Mortality Duration
Compound?® (56) (mg/kg/day) ratio (days)
1zosafrole S 25 250 2/10 . 34
: ‘ 500 : 8/10 41
Dihydrosafrole b1 : - 2% 0/10 - 34
) i 500 0/10 46
. 150 : 3/10 26
Safrole - 28 250 : 0/10 34
So0 1/10 46
750 9/10 19
Control Corn oil 0/10 106

& Ten rats per compound and control.

mg/kg/daily mortalities of 73 and 38% resulted, respecti\"ely. Allylbenzene in the
same dosage produced 29 and 21% mortalities. Methylenedioxybenzene produced both

stimulation and depression, whereas allylbenzene and safrole produced only depression.

Allyl heptylate produced severe growth depression in both male and female rats
at 10,000 ppm—males to a lesser extent at lower levels consistent with dose. Door
food efficiency (requiring more food per gram of gain) resulted at 10,000 ppm, but
not at 2500 and 1000.

o adverse effects occurred in the rats fed piperonal.

Chronic Oral T oxicity

-~ Rats fed isosafrole in a projected 2-yvear study survived less than 10 weeks at the
10,000 ppm level. At the same level of feeding, 3350 of the dihydrosafrole animals
survived 50 weeks and 205¢, 75 weeks. Conversely, at the 0.5%¢ level, mortality at
75 and 100 weeks was greater with dihvdrosafrole (34 and 90%c) than isosafrole
(10 and 56%).

All dogs fed allyl heptylate in daily doses of 75 ma/kg succumbed in from 3 to 7
months, while dogs being fed 25 and 3 mg kg day are currently surviving at 18
months on experiment without gross elfects.

Pathology

Subacute studies. Rats given isosafrole, safrole, and dihydrosafrole subacutely by
stomach tube exhibited, on macroscopic examination, liver enlarzement and adrenal
enlarsement with yellow diseoloration. This was most marked in rats given safrole and
dihydrosafrole. Microscopic examinutiu)p revealed an average moderate degree of
pathology in the liver in all three groups. The most striking change was hepatic cell
enlargement, chiefly due to an increase in cytoplasm and occurring in all test groups.
Variation in hepatic cell size raneed from slight with safrole and isosafrole to mod-
erate with dihydrosafrole. Other consistent changes were slight deurees of focal fatty
metamorphosis, bile duct proliferation, and architectural ircegularity. Safrole and
isosairole also produced slizht incal necrosis and fibrosis, Microscopically, the adre-
nals of rats given sufrole and dihydrosafrole showed an increase in lipid in the cyto-
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L plasm of the cortex accounting for the hypertrophy and deep yellow color noted’
—— _— grossly. .

‘Eugenol produced slight liver enlargement and slight adrenal enlargement with
marked yellowish discoloration. The liver enlargement noted grossly was found on
microscopic examination to be due to the slight degree of liver cell enlargement. The
forestomach showed a moderately severe hyperplasia and hyperkeratosis of the strati-
fied squamous epithelium associated with focal ulceration.

Safrole produced liver changes in mice typical of those observed in rats in contrast
to negative and minimal liver effects observed with allylbenzene and methylenedioxy-

benzene, respectively.

s |
J{i

— . B . . - .
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F1c. 2. Esophagus of rat given 50C0 ppm dihydrosairole in the diet for 104 weeks. Multiple
- . growths of white, friable, granular, papillary material project from the mucosa into the lumen
both as (1) discrete polyps 3—4 mm in diameter arising from thin stalks up to Smm in length,
and (2) coalescent, sessile tumors of similar clevation. The tumor masses plus entrapped food
kad resulted in partial obstruction with ensuing dilatation of the lumen. The white masses in
the lungs represent pneumonia, not metastatic carcinoma. Hematoxylin and eosin, Magnification:

X 17.

Allyl heptylate produced in rats gross liver enlargement at 10,000, 2500, and 1000
ppm; enlarged kidneys in both males and females and enlarged hearts in males both
at the highest level; and enlarged testes at the highest and next highest levels. Micro-
scopic changes consisted of hydropic degeneration of the liver cells in the periportal
areas ranging from moderate at the highest level to lesser degrees at lower levels,
and corresponded to dosage. Extent of new bile duct formation correlated with degree
of hydropic degeneration. Hepatic cell enlargement was noted in some groups.

Effects of feeding safrole, dikydrosafrole, and isosafrole for chronic periods. Dihy-
drosafrole induces the formation of esophageal tumors, both benign epidermoid papil-
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lomas and malignant papillary epidermoid carcinomas (Fig. 2 and 3), in the 10,000
and 5000 ppm groups. Seventy-five per cent of the rats fed the high level showed
incidence of tumor formation, 50% of tumors being malignant, and at 5000 ppm a
total incidence of 74% with 32% malignant. The controls were free of tumors.
Because of this and the extremely low spontaneous incidence of these tumors in this
rodent in general, dihydrosafrole may be considered a definite esophageal carcinogen .
for the rat. : S :

Fic. 3. A higher power of an esophageal tumor similar to one of those shown in Fig. 2. This
grade 1 papillaty epidermoid carcinoma consists of a stalk extending into the Jumen from the
mucosa and covered by projecting papillae of acanthotic, heavily keratinized stratified squamous
epithelium which is invading the underlying lamina propria. Hematoxylin and cosin. Magnifica-
tion: X 19.

“"""All three compounds produced in the liver the same general type of pathology seen

in the first experiment with safrole. The major changes included hepatic cell enlarge-
ment, which was usually focal and resulted in the formation of nodules; adenomatoid
hyperplasia; cystic necrosis; fatty metamorphosis; and bile duct proliferation. How-
ever, in contrast to safrole, which produced severe damage, overall pathology was
slight at all levels of treatment with the other two compounds. Although a few tumors
were found in the livers of the animals fed isosafrole and dihydrosafrole, there were -
not enough to be of statistical significance. Hence, unlike safrole, which is a definite
hepatic carcinogen, neither isosafrole nor dihydrosafrole should be considered tumori-
genic for the liver.
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Dihydrosafrole produced a moderate increase in chronic nephritis at 2500 and 1000
ppm; the apparent lack of effect at the two upper levels of dosage probably was the
result of the poor survival. : _ ’

The administration of allyl heptylate at 75 mg/kg/day in dogs depressed growth,
and produced liver and stomach changes consisting of mottled appearance with rough

- surfaces in the former and hemorrhagic mucosae in the latter. Changes observed less

constantly were small gray or red cysts of clear aspect in the urinary bladders, and
marked congestion in lungs, digestive tracts, kidneys, spleens, and lymph nodes. Somie
organs exhibited terminal hemorrhages. :

On microscopic examination all livers showed a slight to moderate fibrosis of portal
arcas, tending to surround hepatic cell lobules of irregular size and shape and asso-
ciated with slizht to moderate proliferation of bile duct epithelium. Slight increases
of fat occurred in all but one instance. The stomach presented diffuse hemorrhaze
and some necrosis of the mucosae tozether with instances of focal submucosal hemot-
thages.

. SUMMARY

Dihydrosafrele on chronic feeding produced benign and maliznant esophageal tumors. Safrole
is a hepatic carcinogen. Liver changes produced by isosairole. sairole, and dihydrosafrole wure
of the same weneral tyvpe and included hepatic ¢l enlareement, which was usually focal aad
resulted in the formation of nodules; adenomatoid hyperplasia; cystic necrosis; fatty metamor-
phosis; and bile duct proliferation. The macnitude of liver changes was much greater with safrole
than with the other two compounds. Sufrole produced liver changes in mice. Similar treatmuont
with the allvlbenzene and methylencdioxybenzene moictics of safrole produced changes only with
methylenediosybenzene and were less than that observed with the parent compound. This was
confirmed in rats by Taylor et al. (1964). )

All comipounds studicd produced liver alterations with the exception of allylthenzene and piperonal.
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being CFP, A, P. There were also differences in latencies
botween the two gencral categories. Tablo 1 shows that
latencics of cclls in a preferentially responsive class. were
in oll threo instances loss than lateneies of equally respon-
sive cclls firing to the same modality of stimulation.
These data are all consistent with the interpretation
that on important portion of a given population of cells
in association cortex can be expected to demonstrate
differcntial responsivencss to converging sensory input.
Another portion would show equal convergence. This
fact is supported by the results given in Table 1 and also
by instances of occlusive interactions observed when
firing probabilities were sufliciently high for such tests

~ to be made.

Simultancous pairing of two stimuli yiclded unequivocal
date on cellular integrative mechanisms. Sixty cells were
tested with pairings of supra- and/or sub-threshold stimuli.
Fiftecn cclls showed sununation of input, seven facilitation
{one stimulus of the pair not producing any cell discharge
alone), and five inhibition. Summation, as illustrated in
Fig. 3, could be scen in some cells only with pairing of all
three inputs. With tho cell illustrated a distinct latency

_decrease occurred, plus the appcarance of additional cell

spikes.

These results show that with & simple flexible micro-
electrode reliable extracellular recordings can be obtained
from cortical ncurones for at least many hours. The data
also indicate that the anterior marginal gyrus of the cat
contains neurones unequally responsive to  different
modulitics of sensory input and it has ceilular discharge
characteristics reflecting summation, facilitation and
inhibition.

This work was supported in part by a grant from the
National Institute of Neurological Discases and Blindness,
U.S. Public Health Service.
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Inhibition of %-o-Glucosiduronic Acid
Conjugzation by Eugenol

It has been claimed that rugenol, 4-oxy-3-methoxy-1-
allytbenzoic aeid, has mucinosenie activity and that it
hus a benclcial effeet on gastrie uleerst2 The gastrie
wall contiing various urouic aciil containing muacepoly-
saecharides, the formutiou of which is possibly dependent
ou n prover coupliing cipacitys of S.pechueosidinronic acid
(UDEGA). Lvidenee has boen obitained which indicates
that the amount and 1vpe of wmncopolysaccharides in
tissues probably Lave some beaine on the mechanizm of
wleor rnarion®  Tlis invesivation was walertaken in

ordor to shieniimes wieda rocag el has any eleet on
the sdueuronation of e evor i sudusteonee, The effeet
on the v hate vonginatioon eepaeity of the 45 e, as vl

as ont the UDPUN transdstse engyiae, was also con-
gidered in tho investigation.
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Wistar rats and guinea-pigs were used as test subjects.
The whole conjugation was followed using & moditication
of the method developed by Levvy and Storey*¢. The
UDPGA transforaso activity was determined by the
method of Bogell and Leloir’.  This method requires
washed microsomes, UDPGA (Sigma) and p-nitrophenol.
Eugenol was dissolved in 0-2 per cent “I'riton X-100°
solution. The oxygen consumption was measured in a
Warburg apparatus. _ .

The offect of cugenol on the formation of e-amino-
phenol glucuronide by liver slices is shown in Fig. 1. It
can be scen that a 50 per cent inhibition is obtained with
a eugenol coucentration of 2 upg/nl. in the incubation
solution. The samo result was obtained using 50 and
100 yg aminophenol. At & concentration of 200 ug/ml.
or above, eugunol constantly caused an activicy less than
5 per cent of that of the controls: 2530 ug resulted in somo
cloudiness. At a concentration of 100 wg/ml. the oxyigen
consumption was identical to that of both the controls
and also to the controls without the tissue specimnens.

Several additional experiments were earried out in ovder
to elucidate the nature of the inhibitory effect of cugenol.
When eugenol (100 pg) was added after the tissue had
been incubated for 1 h, a 70 per cent reduction in
glucuronide synthesis was produced as compared with
the controkl — :

Eugenol, when added just bafore deproteinization and
at subsequens stages, had no cffect. This climinates the
possibility of there having been any interference in the
analytical procedure. , -

In tho in viro nxperiments, 3 ml. of 5 per cent eugenol
was given to the animals and this virtually resulted in a
complete inhibition in rinsed stomach, and about a 73 pur
cent inhibition in duodenal slices. The results with liver
were just above normal. No effect could be detected
after 24 h, but it was still compiete 6 h after the eugenol
had been administered; the efivet was variable after
12 h. Iistological studies of tho stomach revea led
desquamation of the swfice epithelium and punctate
haemorrhages in the pylorus and glandular stomach.
Cellular exudate was present on the swrface; tiis was
visible to the naked eye.. No attempt was made to find
the least effective dose in vivo. When tissue slices were
placed in a solution of 0-025 per cent cugenol in Ringer’'s
solution for 2 min before they were rinsed and transforred
to the Warburg vesscl, the synthesis dropped to less than
235 per cent of the controls. Tho eficet was the same for
stomach, duodenum and liver. No attempt was made,
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Peroontage of Iahibdition

1 i 1 . ]
1x10°* &x107 Ix10' S5x10¢ 1x10-*
Molaclty of eugenol

Tig. 2. The Inbibitory effect of eugenol on the glucuronyl transferase

activity of the liver

v

) 1S

¥ig. 3. The nature of the glucuronide conju"'ltinn inhlbition by euwennl
wdinz to Lineweaver-Burk. A, 2:5x 10°7 M cugenol; O, 1x 10 X
- eugenol; @, control

however, to find the shortest effective time and lowest
effective concentration.

" When the specific effect of eugenol vn the enzyme in
the last stage of the conjugation reaction system (that is,
on the glucuronyl transferase) was studied, it Jas found
that for this enzyme the inhibition is X, 2-3 x 10-7.
Tho corrclation between the degree of inhibition and the
concentration of eugenol is shown in Fig. 2. The nature
of this inhibition has boon studied by preparing a Lino-
weaver-Burk plot of tho results as shown in Fig. 3. It
can be considered that the inhibition is of a competitive
nature. The concentration of p-nitrophenol was also
variod, but with the methods used no satisfactory results
were obtanined. Tho ‘“Lriton X-100' was used in theo
coxperiments in order to increase the solubility of eugenol.
It had no inhibitory effect at a concentration of 0-2 per
cent. Mowever, if the concentration was increased to

more than 1 por cent, a very small inhibitory eflcct was

obtained.
It has been possible to demonstrate the inhibition of
B-p.glucosiduronie acid conjugation with cugenol. An

important point in the reaction system is that UDPGA”

transferaso would scem to bo inhibited. Tt could be that
this is not tho only enzymo in tho glucuronie acid con-
Jugation systema the activity of which is inhibited.

These results are in agreement with our earlier ohscerva-
tions that cugenol can Iower tho quantity of salicylamide
glucuronide formed in dogs when it is fed to them together
with salicylarmidet, Tt is difienlt at present to corrvlato
theso observations with the mucinogenie effeet of eugenol
demonstrated by Hollandor ef al.
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Presynaptlc Inhibition in Primate La.teral
Geniculate Nucieus

SmvcE their discovery?-4, the effects of midbrain stimula.
tion on excitability of the visual system have been
studied extensively. Work on the squirrel monkey?¢ has
shown that the centroncephalic system exerts a powerful
control over transmission through the lateral geniculate
niicleus (LGXN) for both photically and electrically elicited
responses. Initial experiments showed facilitation follow-
ing electrical stimulation of tho mesencephalic reticular
formation or natural alerting stimuli. Recent experi-
ments, howover, have shown that a brief period of inhibi-
tion precedes the facilitation and, as set forth below,
strongly suggest that this inhibition is presynaptic in
nature.

The phenomenon of presynaptic inhibition has been
thoroughly revicwed by Eeccles®. Among the character-
istics which, in the mammalian central nervous system,
reliably distinguish presynaptic from postsynaptic inhibi-
tion are susceptlbxhty to different pharmacological agents.
Stryehnine, for instance, blocks most typcs of postsynap-
tic inhibition without affecting presynaptic inhibition,
whereas picrotoxin strongly depresses tho latter while
leaving postsynaptic inhibition intact.

In tho present investigation, 32 squirrel monkeys
(Saimiri sciurcus) were lightly anacsthetized; 20 with
‘Diabutal® (sodium pentobarbital), 25 mg/ky, and 12 with
‘Dial’, 0-3 ml./kg. DPairs of clectrodes made from 0-23

mm diameter ‘Nichromo® wire wero introduced into tho -

optic tract (stereotaxic co-ordinates [8] : .19, L5, —1),
optic radiation (41, L10, +3), mesencephalic reticular

CONTROL 20 MSEC
STRIATE m_“
ANT.OR. sk,-..___-—-
4 MSEC
35 MSEC 60 MSEC
200 | " [
uVI J .

Fir. 1. Saquireel monkey R0, Cuntrol lovel of raponse {n anterior
optie radiation (Aut. O 11 and strinte curtex to stimulation of optic tract
(Y V, 003 1nsee), bipolar electrodes. First peak in Ant, OR., pre-
synaptic or optic tract computicnt: gecond peak, postsynaptic pesponse
. eondneted from LGN, Application of singte pulse (15 V, 0L msee) to
wesenecpinlio feticutar fornation SO misee prior to optic traet stimul
tion abolisties responses in fiddintion and cortex, At di-misve intervad,
Inhibition not complete, . Note at 60 tesee, three-lold enliancenseut of
pustaynuptic pesponses.  Iresynaptic component wnchanged throughout
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THE »H OF GASTRIC MUCOUS SECRETION! o
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New York
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Data at present available on the pH of gastric mucus are so scant that they
contribute little to the sum of knowledge about the physicochemical character-
istics of this exocrine secretion. Most of the reports (on material from dog,
cat and human) state that it is alkaline to litmus, but a few investigators found :
| an acid reaction to this indicator or even to Congo red. In patients with no o
v . free acid, Bucher (1) usually obtained pH’s (colorimetric) in the range of 6.0 to ' L
! 6.6, with an occasional value as high as 7.2.  Mecholyl, injected subcutaneously o
into two fasting patients, yielded secretion with a pH (electrometric) of 8.9 (10). L -
' ' When administered iontophoretically, however, this pharmacological agent
yielded pH's no higher than 8.3, but only a few values were reported (9). In
dogs, the pl of mucus sccreted spontaneously from both pyloric and fundic .
pouches was reported in the range 7.0 to 7.5 by Ivy and Oyama (7); Lim and C,
Dott (8) found the same range for pyloric pouch juice, whereas Takata (11) :
- reported 7.4 to 8.0. Similar material from cats had a pH of 8.4 (colorimetric),
( as reporied by Gamble and Melver (2).
J In the present investigation we determined the pIT of a large number of speei-
mens of mugous secretion, obtained from pouches of the gasbric corpus in dogs,
More than 575 values were obtained from both ‘spontancous’ awl chemiceally
stimulated seerction, thus permitting of a statistical evaluation of the variability
manifest in the work of previous investigators. Analysis of the opacity, con-
. sistency, and columnar cell content of a majority of these same specimens has
: - already been presented elsewhere (5, 6).

METHODS

Almost all of the specimens of mucus employed for this study were collected
* from 10 Heidenhain pouch dogs; 15 of them were obtained from three other dogs
, with gastric explants prepared from the central portion of the greater curvature.
. Hence, the data relate to sccretion from the gastric corpus—not the pyloric
' region. No experiment was ever started unless the mucosa was free of obvious
parietal secretion, as evidenced by a pH of 6.0 or greater. The technique for
\ establishing this condition, as well as all other details of collection procedure,
have been described in a previous paper (5). Experiments were performed with

1 Preliminary reports of this work were presented before the Federation of American
Bocictics for Experimental Biology in 1041 and 1943, [Hollander and Felberg (3); Hel- .
lander and Stein (4)]. - |

* This investig«tion was supported in part by grants from The Aliman I’oundatton of :
New York and Wyeth In&.
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the following stimuli: 1) gentle massage of the mucosa with a soft rubber catheter
for 3 to 5 minutes; 2) distilled water saturated with ether (no greater than six
per cont coneentration at 30°C.); 3) five per eent aqueous emulsion of clove oil;
4) aqueous cugenol emulsions in concentrations as high as five per cont; 5) ethyl
alcohol, 50 per cent; 6) isotonic NaCl solution, 0.17 N; 7) hypertonic NaCl solu-
tion, 0.5 N; and 8) distilled water. A sot of data on 9) ‘spontancous’ sccretion
was also included. These last specimens were obtained either during experiments
without direct stimulation or during preliminary periods preceding the applica-
tion of onc of the aforementioned stimuli. It may be assumed that none of the
stimulating fluids exerted any chemical influence on the pH values for the follow-
ing reasons: &) the stimulating fluid was aspirated from the pouch almost. com-
pletely before the first specimen of seeretion was collected ; b) this specimen was

" discarded whenever it contained any visible amount of the stimulus; ¢) the

stimulating fluids were unbuffered in all cases.

Electrometric pil dcterminations were made with a glass electrode. In
general, no more than three minutes were required to attain constant readings,
and these were found to persist for at least 15 minutes when a small series of
specimens was studied for this purpose. Multiple determinations on any one
specimen agreed within a range of 4002 pH, provided the specimens were
ghaken vigorously to cffcet homogenization before measurcment. Without
such shaking, duplicate dcterminations were liable to differ by as much as several
tenths of a pII unit. After the reproducibility of this technique had been cs-
tablished, only single determinations were performed. Since we were concerncd
with the pH values of mucous seeretion, which was presumably free of parictal
secretion, all values above 4.00 were included in the tabulation for statistical

analysis.
RESULTS
Combined dala. A preliminary study of the frequency distribution for all

579 pH valucs, irrespective of stimulus, is presented in figure 1. The frequency .

graph is markedly skew, with a long tail on the acid side and a precipitous drop
from 8.5 to the upper limit of the range, 9.2. Themean and standard deviations
for the entire distribution are 7.65 and 1.08, respectively, but in view of the

marked skewness of the graph, and the results of a breakdown of the data by

stimuli, these two statistics possess no physiological significance. For purposes
of analysis, the distribution was divided into two subranges at 6.8, where the
flat tail of the graph terminates. It is noteworthy that more than 85 per cent
of the values are in the upper subrazrige (table 1, line for combined data).

Dala for individual stimuli. Next, the data for the total population were
broken down according to stimulus, and the following statisties were caleulated
for cach of thesc groups of data: the mean, its standard deviation (8.Da)
as well as that of the distribution (S.1D.), and frequencies in the two pll sub-
ranges. These statistics are also presented in table 1. The stimuli are arranged
in order of increasing mean pll—exeept for one per cent and two per cent cugenol,
for which the difference in concentration has greater statistical significance than
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the difference in mean pIl.  Merely by inspection of the data it is apparent that
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these avernges afford no basis for a classification of the stimuli. Such a classi-
fication, however, is suggested by the distribution of the data over the pH range.
The values for mucosal massage, NaCl (0.17N), distilled water, ‘spontancous,’
alcohol (50 per cent), and cugenol (0.25 per cent) extend more or less uniformly
over the entire range. These are designated as stimulus-group 1. By way of ‘ ‘¢
illustration, the frequency graph for stimulation by mucosal massage is shown S
in figure 2. The data for the members of stimulus-group 2 show a well-defined ‘ :
coneentration above pH 6.8, which is illustrated by the frequency graphs for |
ether, and eugenol (5 per cent) (figs. 3 and 4). For five of the stimuli in this
_ group the number of specimens with pH’s below 6.8 is no greater than one, and
} : n the remainder the number does not exceed 10 per cent. In contrast with
. SN : . 40 SUB-RANGE 1
' T Stimutus: Eugenol
emulsion (5%)

No. Specimens: 108

i e SmAR e Ny . - -

e et o

SUB- RANGE I

———

2

Numerical Frequen;:y

o
4

8

o
)

n

J ¥ T T -
40 LTo) 60 70 80 90 e
pH - j
Fra. 4. FREQUENCY pisTRIBUTION for pH values of gastric mucous secretion from ‘.
Heidenbain pouches (after stimulation of mucosa with 5 per cent eugenol emulsion), :

" this, the proportion of pH values below this boundary value of 6.8 among the ' o .
. stimuli of group 1 varies between 21 and 57 per cent. \ ; ‘

DISCUSSION

The marked skewness of the frequency distribution for the combined data
(fig. 1), particularly the long flat tail from pH 4.0 to 6.8, suggests tho presence
of at least two different types of physiological fluid in what is genorally ealled
(‘mucous seerction.”  The first, with a very low pll value, is probably parictal
secretion; the sccond, with a very high pII value, is truc mucus and possibly a
mucoid secretion. The peaks at pH 7.1 and 7.4 might result from a third type
of fluid, of intermediate pH, e.g., transudate or exudate, but they are hardly
high enough relative to the peak at pH 8.5 to constitute evidence of a tri- or o
bimodal distribution. However, sufficient support for the presence of transudate
and exudate is provided by our previous studies to warrant their inclusion as a
third possible factor in the interpretation of the present data,

1
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Henee, if we hypothesize that. gastrie mucous seeretion is o mixture of these
three type of fluid in varying proportions, then the lower subrvange of pIf can be
considered as containing values charncterized by the dominance of parictal
secretion, and the upper subrange by the dominance of mucus and mucoid scere-
tions. Imasmuch as the frequency eurve for the combined data has only one
well-defined mode (pH 8.5), and this occurs in the upper subrange containing
86 per cent of all the values, it may be inferred that mucus and mucoid sceretion
are by far the most common of all these components.  The occurrence of transu-
date and exudate is more difficult to define; these probably exert a sccondary
cffect in both subranges, but particularly in the lower portion of subrange 2,
below 7.8. The role of desquamated columnar cells has been neglected in this
hypothesis. It seems likely that in the nondisrupted condition these cells exert
little if any hydrogen ion effect. When disintegrated, however, they contribute
not only mucus but also eytoplasm, which may be assumed to resemble transu-
date in its influcnce on pH.

Tuming now to the breakdown of the data by stimulus, it is apparent that every.

stimulus herein reported yickds some ‘alkaline’ mueuns, but the potencies of these

ngzents differ considerably.  Actual data for the stimuli in group 2 (from table 1)
reveal that 91 to 100 per cent of the specimens induced by eugenol (0.5-5 per
cent), clove oil (5 per cent), ether (saturated) and NaCl (0.5N), consist. pre-
dominantly of truc mucus, with a pIl of 6.8 or greater. Small amounts of
parietal sceretion, transudate or exudate may also be present in these specimens.
On the other hand the agents of group 1-——massage, isotonic saline, distilled water,
spontancous and cugenol (0.25 per cent)—are the poorest mucus stimuli inas-
“much as only 43 to 79 per cent of their specimens fall in the upper subrange.

The present study relates to the pI of mucous seerction as it occurs inside a
gastric pouch. Since by far the major part of the unoperated viseus contains
corpus mucosa, it was deemed essential that the pouches be prepared entively
from this region, rather than from the eardiac or pylorie portions of the stomach.
Ultimately, however, we are concerned with the whole stomach rather than any
such limited portion of it, but evidence available from the Literature suggests that

pyloric mucus has essentially the same pI as that from the corpus:

Whether the observations herein reported cast any light on the pH of mucus as
it is formed within the cell cannot be stated as yet, because no attempt was made
to control or compensate for the possible loss of CO, from the specimen, cither
while it was being collected from the pouch or thereafter.  An observation of
Wright and Florey (12) is noteworthy in this conncction,  ‘They reported that

the pH of the viscous seeretion of the eat’s colon, resulting from faradic stimula-

tion of the peripheral ends of the nervi crigentes, is at first 8.3 (o 8.4 but increases

t0 9.1 to 9.2 on exposure to air. In the present work, it was noted that the pli
of different portions of any one specimen become essentially identical if the
specimen is well shaken.  The uniformity so effected was ascribed to ‘homogeni-
gation’ of the specimen, but it may well be that the initial lack of uniformity was
a result of irregular loss of CO; prior to shaking. Prevention of Oy loss before
the specimen enters the collection tube is impossible with the usual procedures
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for collecting the gastro-intestinal sccretions. However, corrcction for such
loss may be possible by equilibration of the specimen immediately before the pH
is measurcd, using air containing CO, at its partial pressure in alveolar air.
Such studies with gasfric mucous secretion are now under way.

SUMMARY

Electrometric pHs were determined for 579 specimens of gastric mucous seere-
tion collected from Ilcidenhain (corpus) pouch dogs. For this purpose, 12
topical stimuli were employed. The range of these pH values was 4.00 to 09.22,
with a mean of 7.65 and a standard deviation of 1.08. Division of the data into
two subranges of pII revealed that 82 (14 per cent) of the values fell in the lower
interval (pH 4.00 to 6.79) and 497 (86 per cent) in the higher interval (6.80 to
022). Itisinferred that the pll of this lntter group is determined predominantly
by true mucus, whereas the pH of the former group is influenced in considerable
degree by the acid parictal secretion.  Division of the data inte 13 groups ac-
cording to stimulus (including spontancous sceretion) revealed a gradual but
extensive variation in the mean plis for the individual groups.  Ilowever, only
aqucous emulsions of clover 0il (5 per cent) and cugenol (0.5 to 5 per eent) yielded
secretion with mean plis greater than 8.0. Furthermore, 97 per cent of all the
specimens obtained with these stimuli fall in the upper subrange, with pHs
greater than 6.8.  These observations support the conclusion previously reached
by ug that clove oil and eugenol are considerably more effective stimuli for the

. collection of gastric mucus than any others in the scries.

The findings herein reported cast no light upon the pH of pure mucus
as it is ejected by the surface cpithelial cells, because of the loss of CO: from the
specimen between the time of secrction and the time of pH measurcment.
Nevertheless, the data hercin reported do indicate the pH which may be encoun-
tered in gastric pouches, and therefore presumably in the lumen of the intact
resting stomach, under the influence of various mucus stimuli. This pH is
usually above 7.4 and may even be greater than 9.0—probably the highest value
encountered in the living mammalian organism.’ '
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HISTOLOGICAL STUDY OF THE DESTRUC-
TION AND REGENERATION OF THE
GASTRIC MUCOUS BARRIER FOLLOW-
ING APPLICATION OF EUGENOL. PRE-
LIMINARY REPORT'*? ‘ :

By FRANKLIN Horranpis, Ph. D, and Ruopa L. GoLp-
> . riscuer, A. B, Gastroenterology Research Laboralory,
* The Mount Sinai Hospital, New York .

 INTRODUCTION

At the Gastric Cancer Conference in 1946 (1), our group of Investigators
reported on the changes in character of gastric mucous secretion which
wsult from the repeated application to the gastric mucosa of dogs of &
mucigoguc-desquamating agent. This physiological study had been
conducted with Heidenhain-pouch dogs, using an agqueous emnulsion of
eugenol as the stimulus. During the last year, these experiments were
repeated with this modification: the experiments were terminated at
various stages of progress by killing the dogs, in order to study successive

histological changes in the surface of the gastric mucosa. The presenb

© report is a preliminary statcment concerning the results of these experi-

ments. The immediate objectives of this line of investigation are: (1) to
trace the extent of functional exhaustion and recovery of the mucous
secreting cells; (2) to determine the extent of desquamation of the surface
epithelium; and (3) to ascertain the changes in character and the extent
of replacement of the mucous cells themselves. In addition, these studics
promise to yicld information on the cytological processes of mucous
sceretion in the stomach and, possibly, ovidence concerning the carly
stages in the cxperimental development of gastritis.

The broad plan of the original physiological cxperiments is as follows:
after o considerable control period, a 5-pereent aqueous eugenol emulsion
was placed in the pouch for 15 minutes and then aspirated completely,
following which four 30-minute specimens of secretion were collected.
The dog was allowed 2 rest period of about 15 minutes, and then a second
cycle of stimulation and collection was started. Theso cycles were
repeated until the secretion had changed in character from o truc viscous
mucus to o fluid which was mostly inflammatory exudate, 1. e., until it
was inferred that the mucous barrier was completely oshausted.  Although
this change usually required fivo successive cycles, an additionul onc or
two cycles were added to insurc completeness of the transformation in

1 Presented before the Fourth Conference on Gostrie Cancer, held at Stanford University School of Medicine,

San Franelsco, Decetnber 13, 1018
¥ Thig investiration was supported by 8 resoarch grent from the Nationol Cancer Institute, National Institutes

of Health, Publle Health Scrvice.
¥ The authors wish to acknowledge the participation of Dr. B. P. Sonnenblick {n the early part of this Investiga-
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character of the sccretion. Thus, these fatigue experiments entailed six
or seven cycles in all and a duration of 15 to 18 hours. The animal was
then returned to its cage for a recovery period of 30-36 hours after which
the eugenol was again applicd as before, until the mucus-secreting appara-
tus was once more fatigued. This first follow-up experiment, designed to
reveal the extent of tissue recovery which occurred during 13 days of rest,
usually lasted for only one or two cycles before the secretion again became
a bloody serous fluid. Subsequently, a second follow-up experiment was
performed, but this time the intervening recovery period lasted 2 to3
months. As a result, it then required three or four cycles to fatigue the
mucous barricr, indicating that this structure had recovered extensively,
but it had not yet returned to its original state prior to the very first
application of cugenol. On the basis of the changes in several physico-
chemical properties of the secretion and in the microscopic appcatrance of

smears from the numerous specimens collected in the course of these:

studies, inferences were drawn regarding the progressive changes which
had probably occurred in the gastric mucous barrier. In order to confirm
these inferences, the present series of experituents was undertaken.

EXPERIMENTAL PROCEDURES

The general plan of the present experiments, as well as the details of
technique, were essentially the same as before (1). This timne, however,
the individual experiments were interrupted at various stages by killing
the animals. Pieces of tissue were then removed from pouch and residual
stomach and placed in Bouin’s fixative as rapidly as possible. Scctions
were stained with hacmatoxylin and eosin and with toluidine blue. A
total of 19 pouch dogs were prepared for this study; of these, 1 dicd, and 2
were discarded for rcasons unrelated to the project. None of the dogs
was ever used for any purposc but this, and a period of 2-3 months was

always allowed to clapse between preparation of the pouch and the initial

fatigue experiment. In addition to the residual stomachs of all the ani-
mals, 4 of the pouch dogs served solely as controls and were killed 2 to 3
months after operation without having received any eugenol treatment
whatever. The initial fatigue experiments were terminated at the follow-
ing approximate times after removal of the stimulus: ¥, %, 1K, and 201
hours following a single application of eugenol; %, 1}, and 2 hours following
the third such application; and 2 and 36 hours after the seventh. In
addition to these dogs which were killed in the course of the initial fatigue

. geries, there were 3 which were subjected to subscquent follow-up expeti-

ments. One of thesc animals was sacrificed 3 months after the first
follow-up experiment had been terminated. The other 2 dogs wero sub-
jected to a second follow-up experiment 5 months after the first; these

-ore allowed final recovery periods of 2 weeks and 4 months, respectivelys
and were then killed. One to 8 pieces of the residual stomach were taken
from all 16 animals for control purposes, in addition to specimens from the
pouches of the 4 untreated dogs. Thus, by varying the nurber of eugeno
applications and the time which was allowed to elapse between the last
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such application and the death of the animal, it was possible to study &
variety of stages of impairment and recovery of the mucous barrier. The
{ollowing are the results as revealed by some of the more obvious differ-
ences in structure of the tissue surface.

RESULTS
CoNTROLS

Sections of untreated tissue (Pl 56, fig. 1, CA 75-8) generally reveal
surface mucus as very thin short ribbons or small amorphous masses of
metachromatic material, interspersed with arcas of normochromatic sub-
sance. 'Thoe crypts contain much less mucus than is present on the surface
of the mucosa, and in both regions the material is ncatly, if not entircly,
free of columnar cclls. In depth, the erypts may be long or of oniy mod-
erate size relative to the length of the entire gastric gland, and these two
varieties occur with about equal frequency. There are virtually no
stretches of mucosa entirely free of erypts, and only rarely does onc en-
counter a shallow erypt or & depression in the surface suggestive of the
rempant of a foveola which had been removed by desquamation of its
columnar epithelium. In fact, the control specimens give almost no
evidence whatever of active desquamation; even gaps in the rows of
columnar cells, indicative of cells which have beeun shed and not yct
replaced, are encountered only rarely, and these arc usually no more than
one ccll wide. Ranks or palisades and single columnar colls are seen within
the adherent layer of surface mucus only occasionally, if at all. Finally,
both within the crypts and on the surface of the mucosa between the crypt
mouths, practically all of the mucous cells are tall columnar cells with large
thecae containing metachromatic matcrial. Occasionally a parietal cell,
white blood eclls, or a few erythrocytes may be scen wedged in or just
heneath this layer of surface epithelium.

DESTRUCTION OF THE Mucous BARRIER

Successive stages in the degenerative process were traced by three
experiments which werc terminated in the first, third, and seventh cycles
of the fatiguc series, respectively. In the first two of these experiments,
% hour elapsed following removal of eugenol; in the last, this time interval
was 2 hours.

A quarter of an hour following the first application of cugenol (Pl. 56,
fig. 2, CA 75-2), the pouch sections alrcady gave evidenco of significant
changes from the controls, and this obscrvation is supported by the over-all
picture at the end of the first half hour (PL. 56, fig. 3, CA 76). Mucus in
amsiderable smounts is extensively distributed over the surfuce, aud even
within the crypts, though here again to a lesser degree. Although some of
this mucus is accllular, cspecially in the crypts, most of it contains numer-
s columnar cells, singly and in ranks, and also some parietal cells, neck

_ chief cells, white blood cells, erythrocytes, and other elements which have
slready been reported as oCCUTTIng ifl MUCOUS SICUTS. Although the pro-
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‘ portion of sh;)rt. crypts 1s t:ibout the s:{!lxe as xcrll the cpntrc?ls, really deep events in three grot
: ones are rarely encountered, whereas shallow depressions 1n the mucoss! |}  the same number of
surface are notably present. Furthermore, there are now a great many  § killed at different |
more gaps between the columnar cells than were found in the untreated groups consisted of
specimens, and these spaces are often six or more cells width. There ~ the fatigue experin
. can be no doubt that these gaps result from desquamation rather than | ghe end of a fatigue
4 . . o
R technical defects, because large and small ranks of columnar cells are The existence of -
- dBPersed in the extracellular mucus uumgdmtely adjacent to them, and arc well illustrated
. palisades of these cells can often be seen 1n the process of beiug cast off. nated during the i
In short. these two experiments give ample evidence of & progressive removal of the cuge
increase in both secretory and desquamatory responses during the first in the character of
¥ of an hour of cycle A in the fatigue experiment. ments (CA 75 au
In the third cyele (Pl. 36, fig. 4, CA 64), 30 minutes after removal of layer arc tall colu
the eugenol, the destruction of the mucous barrier is seen to have pro- cell in or immediz
gressed even further. The amount of extracellular mucus is now markediy gestive difference
o decreased, and its cell content somewhat less so. but signs of active des- micrographs.  Th
quamation are still present. This secretion is only slightly metachromatic or contained only
and it contsins some exudative materiel with traces of blood. The than in the guart
. : proportion of surface which is crypt-free or contains only shallow depres: the end of an hou:
» ~ siops is even greater than before, and the gaps are now sufficiently wide major part of the
and numerous as to suggest actual denudation iwith exposure of the shallow or no der
underlying connective tissue. Although tall columnar cells with meta crypts was itsell
' chromatically staining thecae are still present, there are DOW numerots | gaps between col
columnar cells which ere theca-free and also some flat cells not o two carlicr expet
i} countered in the experiments described above. These cells will be The mechanis
considered in detail below. appearance of n¢
Finally, by the end of the seventh cvele (PL. 57, fig. 5, CA 68) definitely cells which conts
formed crypts bave dizappeared to a Very large extent. Shallow depres lumuar cells hav
sions predominate. though regions entirely devoid of erypts are also Flat colls oceuts
numerous. The suriace of the tissue appears to have Jost most of It* usually in srall
mucus-containing columunar cells, and there are LowW mMany regions which occurred at the
are completely denuded of surface epithelium. It is only in the sm¥ gressively from
proportion of remaining crypts that metachromatically staining columnat and ﬁmzil)’ endc
cells still occur. Signs of sctive desquamnation are virtually absent, st transition series
the surface is now coverad with a bloody inflammatory exudate containiie i regard to thel
very little metachromatic mucin and very few mucous cells. Parictd theeae at one e
cells are also seen in this extracellular layer. The presence of
In this way we have traced the progressive destruction of the mucod after cugenol t
barrier through seven cyeles of the fatigue experiment, to the stage wher® Mmucosa with 1
_ true mucus secretion and desquamation ne longer occur. In generth 1 (asreported by
the histological evidence of this destruction is in aceord with the chans® fuct that hoth
in cl_mractcr of the mucus sccretion which were encountered 10 out (specimen 4 ol
, previous work. . hereng to then
‘ ) ‘ humbers of co.
REGENERATION OF TRE Mccors BARRIER in an;
; . i spite of & !
. , Our earlier physiological experiments gave evidence of a recovery process owover, that
i as well as & destructive one. . Therefore, we next studied the cows® 0 tom the surla
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events in three groups of dogs, in each of which all the animals received -
the same number of 15-minute applications of cugenol emulsion but were

killed at different times after the end of such treatment. These threo

groups consisted of four animals Killed in the course of the first cyele of

the fatigue cxperiment, three during the third cycle, and five dogs after

the end of a fatigue or of a follow-up experiment.

The existence of a repurative process and the speed with which it oceury
are well illustrated by the group of four experiments which were termi-
nated dyring the first cycle at gpproximately /4, ¥, 1%, and 2} hours nfler
removal of the cugenol. As noted previously, there was no grent difference
in the character of the surface epithelium of the first Lwo of these experi-
ments (CA 75 and 76). The epithelial elements present, in the surfuce
layer are tall columnar cclls, with an occasionsl parictal and neck-chicf
coll in or immediately beneath the surface. However, there I8 one sug-
gestive difference between these two experiments not shown in the photo-
micrographs. The proportion of mucozal surface that wus free of erypt:
ot contained only shallow depressions was less in the half-hour experitnent
than in the quarter-bour one. Further evidence of thiz wns manifeat nt
the end of an hour (PL. 57, fig. 6, CA 50) when complete erypta oecipied n
major part of the entire surface, whereas the proportion of regions with
shallow or no depressions was greatly di rinished. Thia renppesrance of
crypts was itself indicative of a reparative proceis, but, in wddition, the
gaps between columuar cells occurred much less frequently than in the
two earlier experiments of this cyele and were generally of sranller iz,

The mechanism of this reparative process iy evidently linked to the
appearance of new cells in the surface layer, fusiform and flat epithelind
cells which contain no metschroimnstic rraterisl, even though nearhy 6n-
lumnar cells have elready started to regenerite their intracellular mucus.
Flat reis oceurred for the frag tirae in the fsat-rnentioned expeniment
usuzlly in sweall groups on the surfare of the raiscosa. Frequently, they
occurred at the end of a'row of eolurnaar ceils which ranged in sz pro-
arzsively from 2 tell cariety through 2 3enes of shorter eolirnnar oells,
and fnaliy ended in these dat elements.  Not caly do the cellz in theae
transizion series vary o over-all heizht, bit they may aiae, shinys a gendation
i regerd to their eontant of intracallulns muein, from Lapgs EOREACHFOINALIL

theeze at nne end of the safias to thens- and ranin-tres cabla at the nther,

The presenceof even 2n oecasionsl one of theae rennmtion series 70 minntes
1

after eugencl treatrnent i3 highly suggestivs 0! & resucfacing of expeosed

Muesss with newly forraed celi, which talkes place with arnazing rapitity
\s revorted by Graat (2 probably inadvanee of eryos reforraation. The
fact that both manucus ecestion drained from the pouch during thiz Woe
{specimen 4 of the eyaley aad exroacelluiar mucus which pesarinard ad-
hetent to the mucnsal surfaee in these tizmia WLONA CLD tained eignsfioant

mnmbers of eclamzar aells may he indinanive of continiing desrpiamation

[

in spize of 2 simnliapeoul reganaratiTs Lronesa. [t searas more Lkeif,
howerer, “kat all sraces of eugn l
frow the siz-tane of the mucoss b7 the bighly reiluiar oo freraed dusing

ernalman wald have hesn cacmieal Nl

v
D

1]




e vea s e

il ladoon

T e A e

344 JOURNAL OF THE NATIONAL CANCER INSTITUTE

the first half hour of secretion and that most of the shed epithelium would
have been loosened from its basement membrane before the time when this
experiment was stopped by sacrifice of the animal. Therefore, the des-
quamated columnar cells found at this stage of the eycle must have been
shed for the most part during an earlier stage. They remained adberent
to the mucosa because of the hizh viscosity and adhestveness of the mucus
in which they were embedded. «

One hour later, that is, at the end of the first cycle and about 2 hours
after removal of the eugenol (Pl 57, fig. 7, CA 49), the tizsue sections
give evidence of still further diminution in mucus output. Also, the con-
tent of desquamated columnar cells in this mucus wes elmost noglizible.
The proportion of mucosal surface which was devoid of complete crypts
was less than in the previous experiment, snd extensive denudsd regions
no longer occurred. Gaps between columnar cells were still prasext. but
their incidence and size were Do greater than in some of the control spect
mens. Thus, althouzh reformation of crypts is still very far from com-
plete, the denuded areas were azain covered by some form of epitheiium.
1s in the previvus experiments, tall columnar cells predominsted. but
their eversge thecal size gnd mucus content DOW appeared to be greater
Flat cells were also present in smiail groups and in trensition series, giving
evidence that resurfacing of the mucosa was still going on activeiy at
this time.

These regenerative phenomena were all observed in the first group of
gnimals, all of which received only one application of eugenol. The
other two groups of experiments (one after three applications, th2 other
after complete fatizue) revealsd even greater incidence of these fat celis
than was encountersd in the experiments just diseussed. This was par
ticularly marked at certain steges of the third sud seventh cycles (figs. 4
and 3, CA €4 and 63) wherein denudation followed by resurfacing W
noticeably more extensive than in the first eyele. Thirty-siz and 8 Lall
hours after the seventh eyele (PL 57, fig. 8, CA 89, resurfacing of the
mucosa with tall columnsr celis appearad to be entirely complete; flat
cells were no longer evident in any of the sections. These colurnar e
generally conteined thecae which were reluzively large and full of deepl¥
metachromatic mucus. Crypt reformation olso made consilerable pro<’
ress, for elthough the entire surface wes void of cryprs 2 hours after the
seventh applivation of eugenol (Exp. CA 63, areas free of fully-develop®
crypts constituted less than half of the surface after 36% hours of resovery
(Exp. CA 69;. It is significant also, that there were more short erypt
at this time than long ongs, and they all tended to be irregular in shape
end even tortuous. Follow-up experiments with recovery periods ©
weeks to 4 months (Exps. CA 42, 43, and 44 manitested contining i
generation of the mucous barrier. [n fact, when the interval of recovtry
was 3 to 4 months, th: regeneration appeared to be complete, for erypt
e areas wers virtually absent.

Even though physiological .activity may be restored durinz the two
recovery periods following complete desiruction of the mucous barci¢h

e A——— W

o

§
¢
5
i
b
i

gsuch recovery of se
is gencrally corrob
the present investi
one or two cycles v
of the secretion, fro
second follow-up ¢
the same cnd resu!
at a time corresps
ment (1% days alu
replacement of cry
the other hand, s
periment (Exp. €
second follow-up ¢
mucoss. Thus, t
diffevénce betweet
to the number of
of different durat
regencration seen

The histologics
evidence of the ci
repeated-applicat
emulsion) to the
histological cvide
the chanzes in v
secretion collectc
the physinlo;tic:-,f
impairment and
also with regard
of the eugenol
cells from the st
until the ennnec
glands is cxpes
stoges: (1) a P
fusiform-shaped
loval of eugen
into low and to
greas of smoo
found to oceur
far down as th
which these cly
nal physiologi
Data from thes
Bustrie mucosa
Renesis by Loy
the mucous be




>

Jium would
1o when this
e, the des-
st have been
red adherent
of the mucus

hout 2 hours
ssue sections
Also, the con-
st negligible.
aplete erypts
quded regions
1 present, but
control speci-

inr gl o~
of ‘ relinm.
i b, but

o by greater.
. series, giving
on actively at

~ first group of
cugenol. The
.jons, the other
" these fint colls
This was par-
I eyeles (figs. 1
resurfacing was
v-six and o hal
“arfacing of the
v complete; {lat
<o colummnar cell?
nd full of deepl¥
onsiderable prog”
2 hours nfter the
of fully-dcvelopl'l‘
hours of recovery
oore short ¢rypts
irregular in shapt
verymmeriods of 3
-ed @B Linuing v
Ler { recovery
ymplete, for crypi-

-d during the two
.e mucous burriel

< s o

L N Y

345

GASTRIC MUCOUS BARRIER

such recovery of secretory function is not necessarily complete, and this
i gcncrnlly corroborated by the extent of structural recovery found in
\he present investigation. Thus, in the first follow-up experiments, only
one or two cycles were required to cffect & radical change in the character
of the seeretion, from a true viscous mucus {o a serous exudate, and in the
sccond follow-up experiments, four cycles were usually required to attain
the same end result. Tn the present morphological study, U
at & time corrc;spond'mg to the beginning of the first follow-up experi-
ment (132 days after complete fatigue, EXP- CA 69) revealed only partial
repincement of crypt structur® gs stated 11 the previous pamgmph. n
{he other Land, specimens taken 3 months after the first follow-up ex-
periment (Exp- CA 44), which time corresponds to the beginning of the
«cond follow-up experiment, showed an almost completely reconstructed
mucosn. Thus, the explanation originally postulntcd to account for the
lifference between the first and second follow-uP experiments, in regar

10 the number of cycles required for cxhaustion following recovery periods
of different durations, is noW substnntintcd by the varintions in mucosal

regencration seen in the present study-
CONCLUSION

The histological study, of which this is & prelim'mnry report, presents
evidence of the changes in the gastric mucous barrier which result from the
repeated application ofa mucigogue—dcsquamutory agent (agueous eugenol
emulsion) to the mucosa of Tlcidenhain pouches ‘n dogs. In gcneral, the
histological evidence is in accord with the results of our previous study on
the changes in microscopic and physicochcmicnl character of the mucus
seeretion collected in the course of such exporiments. This correlation of
the pl\ysiolog'\cnl and histological ohgervations obtains with regard to the
mpairment and virtually complete destruction of the mucous barrier an¢ '
also with regard to its subsequent rcgcncrmion. Successive applicntions
of the cugenol cmulsion effect & prOgrcssivc vemoval of the columnar
ells from the surface of the mucosd and then from the erypts themselves,
mtil the connective tissue matrix containing-the colleeting tubules of the
The regcncmt-ivc process can be divided into three
sages: (1) @ preliminary resurfacing of denuded 1oucost with flat and
fusiform-shaped cclls, which is already evident 30-60 mihutes aftet 16
moval of cugenol from the pouch; (2) the Lrunsformx\tion of these new cells
into low and tall columnat cells; and (B the reformation of crypts in these
ureas of smoothly resurfaced mucost. This ontire process has been
tnd to oceur within 36 hours following the removal of the mucosa 88
inr down as the bottoms of the foveolac. The surprising rapidity with
which these changes take place serves to cxplain many aspeets of tho origi-
nal physiological experiments which wert not fully understood before.

Junds is exposed.

Dutu from these experiments indicate the conditions of prctrcntmcnt- of the
gastric mucosa with ¢ ugenol which ave most cuitable for attempts at CcAarcino-
genesis by Lopieal application of known carcinogens after jmpairment 0

the mucous barrier.

We already know the optimutn duration of eugenol
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treatment and of posteugenol recovery in order that (1) the protective
mucous barrier be impaired extensively but not completely, and (2) tha
resurfacing of the mucosa be active so as to insure the presence of newly
formed cells, presumably in a state of maximuin susceptibility to canccr
induction. Experiments on rats and mice, analogous to these on dogs,
arc now in progress, and as soon as they have been completed, carcino-
genctic experiments will be initiated.

The experiments described present many problems which require further
minute study of the tissue soctions. Among these are: the types of cell
and® mechanism involved in the resurfacing process; the importance of
mitosis in the formation of new cells for reconstitution of the mucos
denuded of its crypts and surface columnar cells; the possible occurrence of
a progressive gastritis as indicated by lymph follicles, cysts, and tortuous
crypts; and the cellular process of mucus sceretion, apart from the cou-
comitant desquamation. These are problems for o histopathologist rather
than a physiologist, and we now plan investigation in collaboration with
such a specialist.
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Prate 56.

Fieure 1—Exp. CA 75-8. Control tissue. Residual stomach. No eugenol
application. X 100.

Fioure 2—Exp. CA 75-2. Initial fatigue geries. Pouch tissue 14 minutes after
first eugenol application. X 100.

Ficure 3.—Exp. CA 76-1. Initial fatigue serics. Pouch tissue 29 minutes after firs!
eugeno! application. X 100.

Fioure 4.—Exp. CA 64-5. Initial fatigue serices.
third eugenol application. X 100.

Pouch tissue 27 minutes after
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- Fictne 5.—Exp. CA 63-1. Initial fatigue serics. Pouch tissue 120 min < afv’ i
seventh cugenol application. X 100. s :

Fisere 6.—Exp. CA 50-2. Initial fatigue series.  Pouch tissue 70 minutes  er fir

. cugenol application. X 100. |
Fiatre 7.--Lxp. CA 49-6. Initial fatigue series.  Pouch tissuc 130 mineoes after v T
first cugenol applieation. < 100. . N T AP
: Freore 8.—Exp. CA G9-1. Recovery period.  Pouch tissue 364 hours followie i ;
; initial fatiguc series. X 100. % @
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34 Eucknot as Gastric Mucus StimuLus .
undifferentiated sarcoma, one osteogenic ki opment ‘of sarcoma i man subsequent to ity
coma aml one plasimocytonin,. Metastases oce use, but this possibility should wet be for- -
curved in & instances. Among the tumors de-" golten,
y rived by trunsplantation  theve  were 63 Canclusions, 1. Sarcomas were induced in
fibrosarcomas, and a few other miscellancous  albino rits by the insertion of regencrated . .
x growths, Variation in differentiation and cellulose film cither subcutancously or by
: growth rate was noted’in difierent generations,  wrapping it around one kidney. .
. Discussion. We have arrived at no con- 2. These tumors occurred in about 35%
o clusion as to the nature of the carcinogenic of the rats surviving the operation more than
’ agent in these experiments. Attention is 11 months,
" called to the fact that the procedure described 3. The tumors were transplantable.
g is one of the simplest known for the produc- 4. ‘This is a simple method for inducing sar-
8 tion of sarcomas. In this connection the pro- comas experimentally.
duction of rat sarcomas by Turner® by em- 5. The foregoing results in rats should be
4 bedding disks of bakelite (phenol-formalde- taken into consideration in the surgical use
{ hyde) is of interest. of cellophane in man. {
; In the course of certain surgical procedures, 37T 5 07 N0t Cancer Inst,, 1041, 2, 61, "L
" cellophane has been used as a covering or 4 Ingraham, F. D., Alexander, E., Jr.,, and Mat-
; sheath, and left in the human body. We are gon, D, D., New Eng. J. Mcd., 1047, 236, 403,
e not acquainted with any reports of the devel- ¢
h . ]
A
it ¢
16196 )
i Eugenol as a Stimulus for Gastric Mucous Secretion*t!
L b ~ .
i FRANKLIN HoLrANDER AND Frances U. LAuBER. t
," ' From the Gastrocnicrology Research Laboratory, The Mount Sinai Iospital, New York City. I
‘; In the course of investigations in this distilled water.!:*? Among the several ob- u
t -laboratory on the characteristics of gastric jectives of these investigations was the dis- "
; mucus, various types of stimulation have covery of a mucus-stimulating agent which ]
] been studied. These included subcutaneous induces no parietal secretion and therefore S
E injection of pilocarpine, gentle mucosal mas- might be adopted as a standard stimulus for ¢
! ‘sage, and topical application of a number of further work on the physiology of mucus (
N aqueous solutions and emulsions including secretion. Of the nine stimuli already studied, 8
it -ether (saturated), ethyl alcohol (50%), iso- the 5% clove oil-water emulsion was clearly ¢
tonic NaCl (0.17 N), hypertonic NaCl (0.5 the most suitable for the purpose, as evi- *_'
N), clove oil (5%), mustard oil (1%), and - denced by the following characteristics of “
i * A preliminary report of this work was traus. specirfmns obtained :\f_lcr zt.sin;,:'lc applicntfon . ;
’;x -mitled to the XVII Taternational Ihysielogical ;;{t‘hl:n;llgc(l:). zfalllrgég‘:orz:lbc‘\)rs(;]t:l;lc(l:')e]:t'ii}; n
i Congress (Ilollander, ¥., and Lauber, ¥, U,, Com- ' = i
! .mum'mlionn Arir Infcrnal. Physinl, Cong., 1047, 1ITollander, ¥, Lauber, 10, U, and Stein, J. J,, p
, 'p. 155). Am. J. Physiol., 1947, 149, 724,
i 1 This iuvestigation wns condueted with the nid 2 Hollander, ., aud Stein, I, J., Awm. J. Physiol., . 1]
l‘ of grants from the Altman Foundation, and 1943, 140, 136, i 1
: Wyeth, Inc. 3 Hollander, ., Stein, J. T., and Lauber, ¥, U., 1
! $ The authors wish to express their thanks to  Gastrocuterology, 1946, 6, 576,
‘ Dr. Sophya Luzard for conducting somo of the 4 Hollander, F., J. Nat. Cancer Inat., 1945, &, .- ?
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ExgENoL As Gastric Mucus STiMuLus

Data for Beveral Charaeteristies of Gastrie Pouch Muc
Stimuli: aqueons emulsionn of eloyve oil and- cugenol.)

TABLE I.

Mucus,

ceywe s e -

- 35

e e e

Ty 00 OV

. Stimuli
~ Y
Eugenol
g Low Intermedinte . igh
eoncontration concentration eoncentration  Clove oil,
(%-%%)  (12%) %) - %)
Volume per exper.  Mean ) To17 4.1 6.4 .0
Stand. Dov, 1.89 375 315 1L
No. of cxper, 13 21 6h "
Pt Rnnge " Lan-N.G0 4.76-8087 758000 TUN-NAT
Mean 7.69 803 8ot V R.10
Btand, Dev, 1.0 0.57 44 . 027
No. of specimens 42 105 108 27
Consistency No. (%) Viscous 20 (044%) 64 (F0.8%) 92 (64.8%) 27 (9G.A%)
of Fluid M (31.1%) 30 (280%) 32 (20506) L ( 34%)
specimens  Mixed 2 (44%) 13 (121%) 18 (127%) 0 ( 0.0%)
Total 5 107 142 28 :
Opacity No. (%) Opaque 26 (59.1%) 54 (56.39%) 104 (81.9%) 26 (96.3%)
of *Non-opaque 18 (40.0%) 42 (43.5%) 21 (181%) | ( 3.7%)
spocimens Total 44 06 127 27
Columnar  No, (%) M:;ny 28 (68.3%) 76 (724%) as (83.377) 19 (3.0
Celln of Hiew 13 (BLT%) 20 (276%) 7 (167%) 1 ( 50%)
apecimens "Potal 41 . 1056 42 C 20

".Nnn-opnqm.: = trnns{mrrn; or tranxincent,

B L

t Few cells = nonc or a small number of cells per feld.

to that secreted spontancously in the same
period of time.

The one disadvantage in the use of clove
oif as a standard stimulus arises from its
being a mixture of several chemical com-
pounds in variable proportions, rather than a
single chemical individual. However, the chicf
component of this essential oil is eugenol
(4-allyl-2-methoxy phenol) which comprises
82-87% of the mixture. Hence, it seemed that
this compound may be responsible for a major
part of the mucus-stimulating action of the
clove oil, and, therefore, better suited for use
as a standard mucus stimulus. We have in-
vestigated the secretory response of the gastric
mucosa to topical application of aqueous
emulsions of pure eugenol, and the results are
presented in this report.

Procedure. The experimental technique was
the same as that used previously for studying
the action of clove oil and the other stimuli.3
The eugenol emulsions were prepared in con-
centrations ranging from 4 to 5%. Acacia
(59¢) was used as an emulsion stabilizer in

the earlier experiments; later this was re-
placed by Tergitol Penctrant-4 (1/40%)
with equally good results.d Control experi-
ments with these substances alone showed
that they exert no mucus-stimulating action
at these concentrations; the fluid obtained
after their application was the same as spon-
taneously secreted mucus in appearance and
rate of formation. As in our previous work,
the eugenol stimulus was administered only
after the pH of the control (pre-stimulation)
specimens had risen above 6.0. In general,
collection of the stimulated specimens  was
continued until the rate of secretion fell to
its control value, The PH's were determined
clectrometrically, with a glass electrode, and
were reproducible to +0.02 of a unit. A
total of 99 experiments ( ic., stimulations) was
performed with eugenol emulsions, using 9
dogs with Heidenhain pouches.

§ Tergitol Penctrants wore kindly supplied by
tho Carbide and Carbon Chemienls Corp., New
York City. :
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) its : : TABLE I -

.. Data for Beveral Charucteristies of Gastrie Douch Mucus,
for- . ) (Stimuli: aqueons cmulsions of elove ol and cugenol,)

. S SR,
iin - : . . Stimuli )
ated . L - ° Eugenol

by ' _ i . ' T " Low Intermedinte High
’ . concontration concentrution eomerntration  Clove oi I,
5% R » ' (%-%%) (1-2%) (%) - (5%)
han N Volume per exper.  Mean . R 4.1 6l LX
. Stand, Dev., 1.89 275 16 L1y
| ) v No. of exper. 13 2 65 »
SATs 3 it Rnnge a5 R.60 4.76.8N7 750009 708847
’ Moenn 7.69 8.08 L R.1n
be . Stand. Dev, 1,03 0.57 44 0,27
l , ‘ No. of apecimens 42 105 108 27
use . ' ’ .
o ) Consisteney No. (%) Viscous 2 (644%) 04 (50.8%) 92 (G4.80%%) 97 (96.4%5)
— of Fluid 14 (31.1%) 30 (28.0%) 32 (22.5%) L ( 3.6%)
ol ) specimens  Mixed 2 (44%) 13 (121%) 18 (127%) o0 ( 0.0%)
‘htﬁ . Total 45 107 142 28
, Opneity  No. (%) Opaque 26 (50.1%) 54 (563%) 104 (81.9%) 26 (96.3%)
l of *Non-opaque 18 (409%) 42 (437%) 08 (I81%) 1 ( 25%)
specimens Total 44 06 127 27
o Colwmnnr  No. (%)  Mony 28 (68.3%) 76 (724%) 35 (RIA%) 19 (15.0%)
‘ .. Cell of 1 Fow 13 (3LT%) 20 (2M.6%) T (167%) 1 ( 50%)
| apecimens Total 41 . 105 2 20

e Non-opaque — trm\sp:-\rvnt or translueent.
t Few cells = noue or a mnall number of colls per field,

to that secreted spontaneously in the same
period of time.
The one disadvantage in the use of clove

R ——

the earlier experiments; later this was re-
placed by Tergitol Penctrant-4 (1/40%)
with equally good results.$ Control experi-

»b- . oil as a standard stimulus arises from its ments with these substances alone showed
s being a mixture of scvcl:al chemical com- that they exert no mucus-stimulating action
ich - p.ounds in v_ariaplc.p.rnportmns', rather than. a at lhcs.e. conccPtral(ions; the fluid obtained
yre single chemical individual. However, the chief  after thieir application was the same as spon-

component of this essential oil is eugenol

taneously secreted mucus in appearance and

ior . . . :
us (4-allyl‘2-methox.y phenol) which comprises rate of formation. As in our previous work,
d, - \ 82:87% of the mixture. Hencez it seemed tlzat the eugenol stimulus was administered only
Ty this compound may bt_e respo.nsxble f.or amajor  after the pH of the control (pre-stimulation)
i part of' the mucus-stimulating ac.tlon of the specimens had risen above 6.0. In general,
of clove oil, and, lhcrefore,.better suited for use  collection of the stimulated specimens was
n as a standard mucus stimulus. We have In-  continued until the rate of secretion fell to
h ) vestigated the secretory response of the gastric * jts control value. The pH's were determined
:'e mucosa to topical application of aqueous clectrometrically, with a glass electrode, and
. emulsions of pure eugenol, and the results are were reproducible to =+-0.02 of a unit. A
. : presented in this report. total of 99 experiments (i.c., stimulations) was
l » Procedure. The experimental technique was  performed with eugenol emulsions, using 9
" . the same as that used previously for studying dogs with Heidenhain pouches.
the action of clove oil and the other stimuli.®

" ‘ The eugenol emulsions were prepared in con- § Tergitol Penetrants were kindly supplied by
5, . centrations ranging from 4 to 5%. Acacia the Carbide and Carbon Clhemienls Corp, New

= (5%¢) was used as an cmulsion stabilizer in  York City.
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36 , \Eucr.uox. As Gastric Mucus STIMULUS

Results. The data on characteristics of
mucus specimens ebtained after cugenol and
5% clove oil emulsions are presented in Table
I. Because of the small frequencies in some
of the groups of data, the values for }4 and
Vi% eugenol were combined into a single
group designated “low concentration,” and
those for 1 and 2% into an “intermediate
concentration” group. The resulting increase
in the number of specimens in each group
augments the chance of obtaining a signifi-
cant statistical evaluation of the observations.
The frequency of the 5% eugenol data being
large, these were retained alone as the “high
concentration” group.

Total volume of mucus secrcted in response
to a single application of stimulus. The mean
volume of secretion per experiment increases
with the concentration of eugenol in the
stimulus, from 1.7 ml for the “low concentra-
tion” group to 6.4.ml for the “high concen-
tration.” This latter value, for the 5% eugenol
concentration, is significantly greaterll than
that for 5% clove oil (2.9 ml per experiment).
The datum for 1-2% cugenol (“intermediate”
group) is also greater than that for 5% clove
gil but the diflerence is not significant.

#H. As shown in Table I, the mean pH of

eugenol-stimulated specimens incrcases with

increasing concentration of the stimulus, the
differcnces between the several groups being
significant at or below the 1% level of prob-
ability. Corresponding to this, there is an
elevation of both the upper and lower limits
of the range, but the data become increasingly
homogeneous, as evidenced by a decrease in
the range itself and in the standard deviation.

_ The mean pH for 5% clove oil is significantly

lower** than that of cugenol of the same
concentration but is essentially the same as
that for 1-2% cugenol. Since the 5% ecugenol
emulsion gives a higher mean pH and a lower
standard deviation than any of the other

[ This difference is significant at the 1% level
of probability; t == 3.3, n = 72, P = 0.18%.

1 The difference between the mean-pIl’s for the
low and intermediate concentratious gave the fol-
lowing statistics in tho t-test: t = 2.6, n = 145,
P = 19%. For the intermediate and high econcen-
tration groups, t = 6.9, n = 211, I’ < 0.01%.

**t—4.8,n =133, P < 0.01%.

stimuli which we have previously studied,?
it is the most efiective agent encoumterad o
date for evoking an alkaline response from
the stomach.

Consistency, opacity, and columnar ccll
content. Qualitatively, these physical char-
acteristics of mucus were essentially the same
for eugenol as for all the other topical stimuli,
except mustard oil emulsion. Some of the
specimens were distinctly fluid; others jelly-
like or of intermediate viscosily. Some were
transparent or translucent; others opaque.
Some were cell-free or contained only cellular
detritus; others contained many columnar
cells—singly, or in ranks and clumps. In
microscopic appearance, after being stained
with toluidine blue, the eugenol-mucus smears
were indistinguishable from those of clove
oil-mucus. Numerically, the percentage inci-
dences for the three categories of consistency
shown in Table I are essentially the same for
all 3 concentrations of eugenol; clove oil,
however, gives a markedly higher percentage
of viscous specimens. For opacity, the per-
centages of opaque specimens in the low and
intermediate concentration groups are almost
identical; whereas the value for 5% eugenol
is considerably higher than these, and that
for clove oil even greater.tt The values for
columnar cell content show this same trend,
although the differences are not significant
statistically by the x*-test (P>1%).

The consistently higher position of clove
oil over eugenol, in regard to all three of
these physical characteristics, is probably the
result of the action of one or more compounds
in the essential oil other than cugenol. In ad-
dition to the latter, clove oil contains vanillin,
methyl alcohol, furfural, caryophyllene, acetyl

b Ilollander, T, Lauber, . U, and Stein, J. J,
in preparation,

11 These differences in relative frequencies are
statistically significant at the 1% level of prob-
ability, as shown by the x2-test.  For the first of
these—with categories of opaque and non-opaque
specimens, and ‘“high’’ and ‘“intermedinte’’ con-
centrations  of  cugenol—yx2 = 174, n = 1,
P < 0.01%. Xor the second—with entegories of
opaque and now-opaque speeimens, aml 5% elove
oil and ‘““intermedinte®” concentrations  of
cugenol—yx2 = 148, n = 1, I’ = 0.01%.
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CorAMINE AND Liver GrowTir 37

eugenol, and eugenol acetyl salicylate® and
it is possible that some of thesc substances are
particularly potent as desquamating agents,
even in small quantities,

Summary. The characteristics of gastric
mucous secretion, stimulated by topical ap-
plication of aqueous eugenol emulsion in
several concentrations, have been investigated
on 9 Heidenhain pouch dogs. A 5% emulsion
of clove oil, which had previously been found
to be superior to all other mucus stimuli, was
used as a basis of reference for determining
the secretory value of eugenol. It was found
that $% eugenol vields larger volumes of
secretion, with a higher pH, than the clove
oil. The percentages of specimens ‘possessing
high viscosity, opacity, and columnar cell con-
tent are lower for the eugenol than for the
clove oil. Since we have already cited reasons3
for believing that pure gastric mucus is trans-

8Wood, H. C, Jr., and Onol, A., The Dispensa-
tory of the United Siates of America, 23° ed,,
Philadelphia, 1943,

parent, cell-free, and of variable consistency,
it may be that the secretion yielded by eugenol
differs less from pure mucus than does the
fluid obtained with clove oil.

Five per cent eugenol emulsion is the most
effective stimulus to mucus secretion which
we have found to date—especially since it
yields larger volumes of mucus which tend
to have a higher pH than those induced by
any of the other stimuli. The latter character-
istic indicates also that eugenol has virtually
no stimulating effect on the parietal cells.
Furthermore, this substance is a pure com-
pound, the major component of clove oil,
whereas the latter is a mixture of at least 7
different chemical substances. Since the minor
Components of the essential ojl may also
exert some physiological effect on the mucosa,
their absence from the pure eugenol enhances
its value as a standard. Hence, we propose to
adopt an aqueous emulsion of cugenol as a
standard stimulating agent for further work
on the physiology of gastric mucous secretion,

16197

The Influence of Coramine on the Liver of the Young Rat.

Frep G. Brazoa anp Roranp A, Courson.
(With the technical assistance of Lucy C. Gremillion.)

From the Department of Biochemistry, Louisiana State University School of Mcdicine, New
Orlcans, La.

Coramine (nikethamide) is a compound
which provokes a number of difierent phar-

macological actions. It is capable of curing.

black tongue in dogs by virtue of its close
structural relationship to nicotinamide; it
is often employed as a medullary stimulant;
and it has a pronounced ability to increase
the liver weight of young rats.® Coulson and
Brazda®?® have presented evidence which in-

18mith, . T., Margolis, G., and Margolis, I. .,
J. Pharm., 1940, 68, 438,

2 Coulson, R. A, nnd Brazda, P, G., Proc. Sec.
Exr. Brow.. axp Mep., 1047, G3, 1.

3 Brazda, ¥, G., and Coulson, R. A., Proc. Soc.
Exr. BioL. axp M., 1946, 62, 19,

dicates that the unsubstituted nitrogen of the
heterocylic ring and the di-ethyl substitution
of the amido nitrogen are both in part re-
sponsible for the liver enlargement  which
follows the administration of the compound.

In preliminary experiments the absolute
liver weight increase caused by coramine by
the end of a 28-day period could not be pre-
vented by the inclusion of 1.29% methionine
or 0.5% choline in the dict.2 This weight
increase suggested that the liver cells were
being injured by the coramine and that this
was followed by the very rapid regeneration
which is seen in many types of liver injury.

"It was deemed desirable to design experiments
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Colormetric estimation of eugenol

in oil of clove, allspice, bay

By M. S. Kanawya axp S. K. Wansa

Pharmacoguosy Department, Faculty of
Pharmucy, Cairo University, U.AR.

Somc volatile oils which contain cugenol as the chief
constituent arc assayed according to their phenolic
content by the alkali hvdroxide method.! Guenther,?
however, reported that any alkali-soluble or water-
soluble constituents or adulterants will dissolve in the
agueous phase leading to an erroucous phenolic con-
tent. Somc color tests have been discussed for the
identification of cugenol. Kobert? stated that eugenol
gives a red color with phloragzlucinol and hydrochloric
acid. Recently Wihba and Sinscheimer? stuted that the

red color with phloroglucinol and hydrochloric acid is

due to coniferyl aldehvde, which is a common constit-
uent of oils containing eugenol. )

Folin-Denis  reagent”  and  diazotized  sulphonic
acid® were applivd to diffcrent phenols.

In their experiment the authors made use of Gibb's

.. reaction™* to assay eugenol in the presence of other

accompanying phenols. The reaction is based on cou-
pling with 2:6-dichloro- or dibromoquinene chloro-
imide in a veronal buffer. The authors made some
modifications to suit the conditions reguired for the

0.11

determination of eugenol. The blue color was found to
develop best in a phosphate buffer instead of in vero-
nal. -

Materials

Eugenol was purified by distillation under nitrogen:
purity was coufirmed by phyvsico-chemical methods.
B.P. at 5 mm Tlg 110-111°C; d** = 1.0664; n3*, 1.5110.

Engenol solution: 4 my. 100 ml i.snprnpzlll()i. .

Qils containing eugenol: oil of clove {Antoine Chir-
is), white oil of clove (N.V. Chemische Fabnick, E.
Landt), oil of hay (Edward Butiner), and oil of all-
spice (Izdward Butiner).

Color reagent: dissolve 30 mg 2:6-dichloroquinone
chloroimide {A.R.} in 100 ml of isopropanol, preparing
the reagent only shortly hefore use.

Phosphate buffer: pH 8.6, prepared.

Experimental

The proposed method is based on the fact that cu-
genol can be estimated by measuring the intensity

Atorption Reading
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Fig. 1. Effect of time on the st :ikty of color,
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of the blue color developed by the reaction with
Gibb's reagent in alkaline medium. Mix 1wl of materi-
al with 3 m! isopropanol. 1 ml of color reagent. and 2
ml of the bufter solution. The dilferent factors which
might affect the stability and the sensitivity of the
color were studicd.

a) Effect of pll. Diflercot buffers were tried, viz.,
veronal® ammonium hvdroxide-ammonium chloride,*
a mixture of equal volumes of the ammonia buffer and
20 percent sodium acetate.' sodium acetate and phos-
phate buifers. A phosphate bufter of pH $.6 was found
to be the most suitable. C

b) Effect of time. The stability of the color on
standing at room temperature for different periods of
time waws studied. The color was measured immediate-
ly after the addition of the reagent and at enc-minute
intervals. The results arce shown in Figure 1 which
shows that the color reaches its maximum intensity
after 3 minutes, remains stable for another 13 minutes
and then begins to fade slowly.

¢) Specific wave length. The color absorption was
studicd at different wave lengths in the visible spee-
tra. The optimum wave leagth was found to he 635
my, using red photocell as shown in Figure 2.

d) Effect of temperature. The stability of the color
at different: temperatures was studied. The color was
measured” at temperatures ranging from 1537 to 30°
C. The results obtained are shown in Figure 3 which
shows that the color is not affected much with the
variation of temperature. Meanwhile, acetyl eugenol
did not give any coler when similarly treated.

e) Efficet of concentration. The sensitivity of the

Table f. Analysis of sclutions containing different amaunts of sugenol.

Weight of eugenol Weight of eugenol

Reading En(-_’ror
added in ug found in ug ¢
0.045 40.0 0
:g 0.072 80.0 0
100 0.085 99.4 : -0.5
160 0.125 158.8 -0.73
T 200 0.153 202.6 3.3

color at different concentrations was studied. Increas-
ing aliquols of eugenol solution, ranging from 0.25 to
6.0 mil representing a concentration range of cugenol
fromn 10 to 240 pg. were used. The aliquots were trans-

" ferred to test tubes and each aliquot was completed to

6.0 ml with isopropanol. To cach test tube exactly
1.0 ml of the color reagent was added, followed with
2.0 mt of the phosphate buffer (pH S.60.

The test tubes were shaken gently for a short time
to allow miscibility and hasten the color fonmation. A
deep blue color developed in cach test tube. The sotu-
tions were then transferred to the cuvettes of a Uni-
cam S.P. 300 and the reading was recorded for cach
concentration at 633 mu. A blank experiment was
carried out under the sume conditions using 6.0 ml of
isopropanol instead of the cuzenol solution,

An absorption concentration curve for pure cuge-
nol was constructed, from which it is clear that the
color obeys Beer's Taw in the range of 20-200 pe
{(Fie. D,

The sensitivity and feasibility of the method were
tested  onisopropanol solutions containing huown
amounts of cugenol. The results are shown in Tuble L

D Elleet of color reagent on other volatile oil con-

Vol. 82, December, 1967
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PEREUMERY AND FLAVORING SYNTHETICS. By Paul Z. Bedouk-
ian, Ch.E., Ph.D. Scvund revised edition has all chapters of
the fint edition rewritten and new ones added, due to the
great eapansion of the perfume aml flavoring industries and
the sigmilicant chanees in usinufacturing methods and waterials
since 1931, This edition gives the history of the principal per-
fumery syuthetics. their chemistry, application, physical and
chemical properties, manufacture, we. Especially  useful to
chemists engaged in the Relds of essentinl oils, perfumes, Havors
soaps and cosmetivs. 25 [llustrations, 73 tubles. 393 pages.
Price $23.00.

ODOUR PREFERENCES. By R. W. Moncrietf. B.Se, F.RIC.
An authentic reputt on the studies the author has conducted
during the past few yvears to fll in the gaps in our knowledwe
about the variations’ of olfactory prefercnces with age, and
the effect of sex on odor preferences, both of which seemincly
have received too little attention from  experimentalists. The

ok is comprised of three sections, “The Search for Trends.™ .

“Developments of the Treonds into General Findings.” and
“Comparison of the Findinge with the Prior Art,” and include
diagrams and charts of test results of interest to readers cou-
cerned with ador prefeiences in humaus. ‘The author develops
and presents 124 “rules of edor preforence,” based on both
subiicetive and objective evidence, which hie believes include
the best contemporanye knowledue of the subject. Ilustrated.
338 pages. Price $14.95. .

COSMETICS, SCIENCE AND TECHNOLOGY. The editorial hoard of
this encyelopedia cosmetic work is made up of H. D. Goulden.
E. C. Klarmamn, Edward Sazavin, Donald 11, Powers. It is in
five parts: I, Scope of Cosmetics (80 pages); I, Toilet Prep-
arations (812 paszes containing 800 formulash: IIL Maunufae
ture and Technology (214 pages); IV, Phwsiological Consil-

erations (92 pazes); plus preface and complete index. The -

sixty-five experts wlio contributed, are a “who’s who” of cos-
metic chemists in the United States and Canada. 1433 pages
Lustrated. Price $25.50.

FOOD FLAVORINGS—COMPORTION, MANUFACTURE, AND USE. Byv
Joseph Merory. This is the first technical boak devoted soleiv
to the development, uanufacture, and uses of all kinds of taad
and beverage fiasors, both natural and imitation. Written by
an cxpert who has devoted his entire hife to the manutactore
of flavors, it contains huudreds of formulas and up-to-date
commercial procedures now in use for making all kinds of
flavors and flavoring extracts. 370 pages, Price $12.50.

PERFUME ALBUM. By Jill Jessee. Revised sccond edition of a
nentechnical, romantic armchair-travel trecatment of an inter-
esting subject. Nine sources of perfume raw materials, their
harvesting and processing are covered; the perfume industn’s
“chain-of-command” is explained: and a clossary aof teros,
chart of raw materials, bibliography and index are included.
Attractively ilinstrated. 188 pages. I’rice $6.30.

) PERFUMERY AND FLAVORING SYNTHETICS.—$23.00
] ODOUR PREFERENCES.—$14.95

] COSMETICS, SCIENCE AND TECHNOLOGY.—$28.50

T3 FOOD FLAVORINGS — COMPOSITION, MANUFACTURE, AND USE.
- $12.50

T PERFUME ALBUM.—$6.50
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Toble . EFect of color reagent on seme velatile oil conslituents.

Constituents Cotor Coastituents Color

Bugenol’ deep blue Furfural no color
Acetyl eugenol no color Cinecle no color
Esoeugenol no color = Pinene w0 color
Chavicol oo color Phellandrene no color
Methy} Chavicol  no color Caryophellcne no color
Vanillia v.faint blue  Limcnene no color

Methyl Salicylate no color

stituents; Other phenolic and nonphenolic constituents
which may normially oceur with eugenol in volatile oils
were tested by the same color reagent, The results ob-
tained are shown in Table 1L .

From the Table I it is clear that the mentioned
substances other than cugenol fail to give any persis-
tent color. Vamillin produces an imperceptible blue
color only in high concentrations. Henee it does not
interfere as it occurs naturally in trace amounts in the
oils containing cugenol.

Analysis of some essential ocils containing eugenol

Different samples of oils {sce under NMaterials) were |

placed in solution with isopropanol and their cugenol
content was determined.

“Procedure: In a tost tube introduce 60 ml of
an oil-isopropanol solytion {20200 pg cugenol)
followed by 2 ml of phosphate buffer (pll 6.5) and’
1 ml of the color reagent: Shake gently and set aside
for 3 minutes.

Within the next 13 minutes measure the absorption
of the blue color developed at 633 mp, using a red
photocell against a blank prepared instantanconsly.

Deduce the percentage of eugenol from the ab-
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sorption, ‘concentration standard curve of pure euge-
nol.

A comparison between the Egyptian Pharmacopoceia -
and the proposed colorimetric methods was made. The
results are shown in Table 111

Table 1. D imation of 1 in oil of clove, il of aRspice, and
il of bay,
Colorimetric method E. P. method
il Experi-
ment wt. of Eugenol VYol. of Eugenol
sample No. oll iIn percent oil In percent
»ne W ml wy
1 30 9 10 922
] 40 [ ] 10 96
Oil of 3 50 90 10 98 -
clove 4 100 92 10 95
Mean 90.75 .75
1 100 s2 10
2 150 M 10 60
0il of 3 200 4 10 &0
allspice 4 200 54 10 62
Mean 53.50 $9.75
. 1 100 2 10 5
- 2 150 2 10 58
Qil of 3 200 M 10 S8
ay [ %0 M 10 &0
Mean 33 58.2%
Discussion and conclusion -

A colorimetric method has been established for the
determination of cugenol in small amounts of oil of
clove and other ails containing it. The method is based
on measuring the inteusity of the blue color produced
by the reaction of eugenol with 2:6 dichloroguinone
chloroimide in isopropanol solution and phospate
buffer at pll $.6. Other phenolic and nonphenolic con-
stituents occurring naturally with cugenol do not in-
terfere in the color reaction. Concentrations of euge-
nol ranging from 20 to 200 po were tound to obey
Beer's law. The method was applied to analyze oil of
clove, allspice, and bay.

From the above work it is clear that the method is
feasible and the results are reproducible, with an er-
ror ranging between ~0.73 and +1.3 percent {Table
I). The dificrence between the results of the suggested
method and those of the Egvptian Phamucopocia

“method (oil of clove,.3%; oil of allspice, 6.667; and ail

of bay, 2333 is duc to the presence of other phe-
nolic and nonphenolic constitutents which are alkali-
soluble and fail to give the color test of cugenol.

Moreover, the proposed colorimetric method will es-
timate as little as 30300 gg of the oil containing cu-
genol, while the Egyptian Pharmacopocia method re-
quires 10ml of it.
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Influence of Calcium and Magnesium on Eugenol-Induced Des-
quamation of Mucus Epithelium in Gastric Pouches™

Suircey D. Kraus, Pu.D., anp FrankLin Horranper, Pi.D.

(From the Gasiroenterology Rescarch Laboratory, The Mount Sinas ‘Hospital, New York 29, New York)

In order to find a satisfactory topical stimulus
for the study of the physiology of gastric mucus
secretion. numerous agents have been investigated
in this luboratory (9. 10, 11). Gentle massage,
aqueous cther (saturated), 5 per cent aqueous
clove oil emulsion, 50 per cent cthyl aleohol, dis-
tilled waler, isotonie and hypertonie NaCloand }
Lo 5 per cenl aueous cugenol comlsions were all
found to induce desquamation of the surluce
cpithelium in addition to acting as mucigogucs.
The most cffective of these mucus stimuli was 5
per cent cugenol. and this also produced huge
amounts of desquamation. Since there is reason to
believe that pure gastric mucus is cell-free (9), this
associated phenomenon of decrcased ccllular cohe-
sion is of interest in relation to the general problem
of gastric mucus function, but particularly with
those aspects of the problem concerned with the
gastric mucous barricr as a protcetive mechanism
against chemical and physical irritants. The latter
considerations arise especially in any investigation
which is concerned with an exogenous, topical
agent as an etiological factor in adenocarcinoma

_.of the stomach. Furthermore, the loosening of the

cement substance which results in this diminished
cohesion may well be related to the difference be-
‘tween normal and cancerous tissues, which makes
for the invasive character of the latter.

Some of the attcmpts to discover a common de-
nominator for such dccrcases in ccllular cohesion
have resolved themselves around the ionie con-
stituents of the intercellular cement. Overton (14)
stressed the importance of an casily dissociating
calcium salt as the basis of the cohesive material
which binds cellular membranes. A partial ex-
planation for the decreased cohesiveness of malig-
nant cells has been related to a caleium deficiency

of the tissues by Brunschwig ef al. (1) and by

*This investigation was supported by a rescarch grant
from the Nationnl Cancer Institute of the National Instituwte
of Health, 1.5, I'ublic Health Scrvice.

1 A preliminary report of this work was presented before
the American Physiological Society at its recent meeting in
Detroit. An abstract was published in Fed. Proc., 8:76, 1940,

Coman (5). Further support for the concept that
calcium plays a role in the muintenance of cellular
cohcesion has been fostered by the observations
that calcium-free solutions decrease the cohesives
ness of normal epithelial eells (6), capillary endo-
thelium (3), cilinted gill cells of Mytiluse (13), and
blastomeres of developing sea urching (8). Methyl
cholanthrene, which is known to deerense the eo-
hesiveness of squamons epithelial eclls, likewise
decreases the ealcium content of the mouse cpi-
dermis (2).

Sinee both calcium and magnesium arc constit-
uents of cell membranes (16). both ions may he
involved in the maintenance of eclinlar cohesion in
general. Some foundation for this hypothesis is
rooted in the fact that the reunion of sponge cells
docs not accur in the absence of cither ion (15), and
recently Zeidman (18) reported that the absenee of
calcium or magnesium or both deereases the cohe-
siveness of human squamons cpithelium.

The present work was designed to determine
whether calcium, alone or in the presence of mag- .
nesium, will diminish or prevent the reduction in
cohesiveness of the gastric cpithelium induced by
the mucigogue, eugenol.

PROCEDURE

The study was conducted on five Ileidenhain
pouch dogs, using the technique previously de-
scribed (9). One per cent cugenol emulsion was
made in distilled water, or in CaCly and MgCls se-
lutions at the several concentrations indicated in
Tuble 1. Tergitol-Penctrant (1/40 per cent) was
used to stabilize the emulsions, as heretofore. Since
an acid pII also decreases the cohesiveness of cells
(), all the cugenol enulsions were buflered with
NalICO, (about 0.1 per cent in final concentra-
tion). Determinations of pThof the emulsion hefore
and after its application to the pouch revealed no
significant deviation from neutrality in the course
of un experiment. Following addition of the hicar-
honate to the CaClz solutions of highest concentra-
tions, there wus a slow precipitation of CaCOs, but
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this was barely pereeptible within the first 13 min-
utes. Hence. the salt-containing cugenol emulsion
was not prepared until immediately before admin-
istration to the pouch. Fach test experiment was
prcccd«l or followed on the same day hy it control

cxperiment with cugcnol cmulsion in distilled -

water. . .

Volume, viscosity. and opacity of half-hour
samples of mucus were recorded over a period of 2
hours following cach application of stimulus. Vis-
cosity and opacity were evaluated on a scale from
to 3, using the standards deseribed by Sober ¢f al.
(17). High viscosity and opacity are generally con-
sidered indicative of high colummnar cell content,
since these three factors are statistically correlated
in significant degree (9). However, the presence of
such cells was confirmed by microscopic examina-
tion of smears stained with toluidine blue. This
was considered essential because coagulated mucin
may also contribute to the opacxty of mucus in
considerable measure.

Our finding may be interpreted in any one of
three ways: (1) the reaction hetween cugenol and
the cement substance may involve calcium and
magnesium inan irreversible (possibly non-ionic)
manuer, so that the presence of these cations at the
surfuce of action of the desquamatory agent exer-
cises no clfect on this chemical process; or (2) this
chemical reaction may be reversible, but engenol is
so powerful a desquamatory agent that its mass
law effect cannot be oflfset by even the highest con-
centrations of these alkaline earth ions, which ean
be maintained at the surface of the mucosa under
the conditions of these experiments; or (3) the
desquamatory action of cugenol may be cntircly
independent of caleiuim and magnesium, 1.e., the
mucigogue may act on some part of the cement
substance which does not contain these elements.
Apropos of the second of these possible interpreta-
tions. it should be noted that the concentration of
eugenol used in these experiments was only 1 per

cent, rather than 5 per cent as is becing em-

TABLE 1

CHARACTERISTICS OF GASTRIC MUCUS SECRETED IN RESPONSE T0O 1 PER CENT AQUEOUS EUGENDL
EMULSIONS CONTAINING ABOUT 0.1 I'ER CENT NALICO; AND OTHER SALTS

‘. No.ol No. of

Pugenol emulvion made in: expla. samples
Dist. H:0 .12 45
0.02% CaCly C 8 18
0.04%, CaCl, 3 10
0.00% CaCl, 2 8
0.01% MgCls, 0. 0"% CaCls 2 8
0.63% MgCls, 0.06% CuCly 2 -8

RESULTS
At nonie of the ionic concentrations here em-
ployed did the salts significantly affect the vis-
ensity, opacity, and columnar cell content of the

mucus produced by topiecal application of cugenol -

emulsion. The mean viscosity and opacity values
(Table 1) are not appreciably different from those
for the control experiments, and the smears in-
variably demonstrate the presence of a high
columnar cell content.

DISCUSSION

The desquamating action of 1 per cent aqueous
tuggenol emulsion is not prevented by adding caul-
i, alone or with magnesium, to the emulsion.
Thix observation is in accord with the work of
Zeidman (18) in that he was unable to reverse the
deereased cohesiveness of human squamous epi-
thelium, induced by a calcium-free solution, by.
mlurm;: the ion to the medium. On the other

Yd, Chambers (4) found that the diminished
ohesiveness of capillary endothelium, induced by
< caleium-free perfusate, is reversed by changing

Wwuormal Ringer’s solution.
i

Average Average Average Columnar Cell
visconity opacity ! tent
3.4 2.8. 5.6 Considerable
3.1 3.1 5.6 .
4.6 2.6 26 .- -
3.8 2.4 53 . «
3.2 2.9 6.4 .
4.4 3.4 4.1 « -

ployed in most of our other studies with this mu-
cigogue.
The calcium deficiency found in malignant tis-

“sues, and which has been associated with their

ability to invade adjacent tissues, may reflect some
alteration of a caleium-binding complex in the ce-
ment substance (12). The chemical character of
this complex is uncertain, but a protein structure
has been suggested (12), and it may even be a
lipoprotcin (7). The desquamating ability of euge-
nol might be attributed to its lipid solvent ability,
but as yct this docs not scem feasible hecause
hypertonic NaCl likewise produces desquamation
in considerable degree (9). Although there is good
reason to believe that muecigogue action is not
necessarily accompanied by desquamatory action,
the problem of how to stimulate large quantitics of
a cell-free gastric mucous sccretion still remains
unsolved.
SUMMARY

1. The object of these experiments was to deter-

mine whether caleium and magnesium can reduce

cugenol-induced desquamation of gastric columnar
epithclium. This was studied in dogs by the topical
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application to Heidenhain pouches of 1 per cent
butlered (NallCO,) cugenol emulsions containing
these jons at several different concentration levels.

2. Such éugenol cmulsions exercise the saume
mucigogue and desquamatory actions us do con-
trol emulsions containing none of the added clee-
trolyles.

3. This finding fails Lo give support to the iden
of a possible relation hetween Lhe desquamatory
uction of a gastric mucigogue and the process of
invasion by cancerous tissue.
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III. The Anti-anemia Action of Eugenol.

(On the anti-anemia action of the effective ingreéients of soﬁe
stomachic tablets.) ; '

1) Action of Eugenol on the Blood Image at Normal Time.

Five (5) mill;gtams of eugéﬁol per kilogram of weight was injected once
into the muscles of a domesticated rabbit and the variations in the blood
image was observed as the time passed. An observation of the experimental
result shows that the variations in red blood corpuscles and hemoglobin were
within the range of the so~éa11ed physiological variations even after the in-
jections. The same could be stated about whi£e blood corpuscles. Next; five
milligrams of Eugenol per kilogram of body weight was injected continuously
at the rate of on; injection a day for a period of seven days and the varia-
tions in the regulai blood image were observéd.

In this case, too, the experimental result showed that only sli_ght vari-
tions were registered both in red blood corpuscles and hemoglobin; Even the
number of white blood corpuscles did not change markedly.

In view of the aforementioned experimental result, it is considered that

’Eugenol had no effect whatsoever on the blood image of a normal domesticated
rabbit. J

2) Action of Eugenol on Phenylhydrazine Anemia

(1) In the case where phenylhydrazine and quenol are used together.

In this éxperiment, 0.02 grams of phenylhydéazine alone per kilogram of body
weight was continuously injected once a day for a periéd of seven days and,
in addition, this and five milligrams of Eugenol per kilogram of body weight
ﬁere injected for a period of seven days and the observatiqns were continued
during the period.

An observation of the experiment revealed the fact that both red blood cor-
puscles and hemoglobin tended to become gradually reduced by the contin;ed in-
jections of phenylhydrazine. Even when the injections of Eugenol were carried

out alongside, there was no change in the degree of the reduction, with the
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trend toward further reduction being continued.

Next, both red blood corpuscles and hemoglobin uniformly tended to increase
as previously after the completion of the injections, the normal state having
been restored in a period of 23 days.

(Insert Figure 8 on p. 261. a. Number of days. b. Hemoglobin. c.. Red
blood corpuscles. d. White blgod corpuscles. e. 5,000,000, £, 4,000,000,

g. 3,000,000. h. 2,000,000.)

(Insert Figure 9 on p. 261. a. Number of days. b. Hemoglobin., c. Red
blood corpuscié;. d. White blood corpuscles. e. 5,000,000, £. 4,000,000,

g. 3,000,000, h. 2,000,000,) | |

Based on the aforementioned experimental results, it appears that Eugenol

has no effect whatsoever upon phenylhydrazine anemia.

(11) In the case where Eugenol was fed after phenylhydrazine Treatment.

After injecting 0,002 grams of phenylhydrazine per kilogram of body weight
once every day for a.period of 14 days on a continuous basis, fiQe milligrams
of Eugenol per kilpgram of body weight was continuously injected until the
blood image was completely restored to normalcy.

Ah observation of the experimental process revealed the fact that both red
blood corpuscles and hemoglobin were gradually reduced as in the previous case
by the injection of phenylhydrazine and, at the time when the injections were
completed, the total number of red blood corpuscles which counted in the range
between 4,510,000 -and 4,760,000 before the start of the injections were reduced
to the range between 2,430,000 and 2,760,000. In the case of hemoglobin, 86
per cent was reduced to the range between 65 and 67 per cent.

gimultaneous with the termination of the phenylhydrazine.injections, the
continuous injection of fine (5) milligrams of Eugenol per kilogram of body
weight was carried out. As a result, it was found that both red blood cor-
puscles and hemoglobin gradually increased and they returned to the normal

. SN

levels within a period of 23 dajs.
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when the asove rgsult'is compared yith the result obtained in a céntrol
experiment, it is seen that, even in the case of the control, the original
state is more or less restored in a period of 23 days when the injection of
phenylhydrazine is stopped. Thus, Eugenol has no effect whatsoever upon the
rate of recovery.

3) Action of Eugenol upon Toluylenediamine Anemia

~ Zero point zero one (0.01) gram of toluylehediamine per kilogram of body

weight was singly injected once a day for a period of 14 days on a continuous
basis. Then, five milligrams of Eugenol per kilogram of body weight was in-
jected once a day for a period of 12 days on a continuous basis along with
toluylenédiamine (0.02 grams per kilogram of body weight.for a period of seven

days and 0.03 grams for a period of five days).

An observation of the experimental result shows the féct that, during the
first 14 days when the injections of toluylenediamine alone were carried out,
both red blood corpuscles and hemoglobin were gradually reduced and, in the
case of red blood corpuscles, the range between 4,330,000 and 4,370,000 before
the initiation of the injections changed‘to the range between 2,860,000 and
3,290,000 at the completion of the injections. In the case of hemoglobin,
the range between 81 per cent and 86 per cent changed to the range between 74
per cent and 76 per cent.

Next, toluylenediamine and Eugenol were fed simultaneously. In a short
period of time, there ;as observed an increase, with hemoglobin tending to
gradually increase at first. After the completion of the injections, red
blood corpuscles were resotred to the original state within a period of 16 to
17 days. In the case of hemoglobin, the restoration to the original state was
observed to be somewhat slower. -

An observation of the aforementioned experimental result shows the fact
the Eugenol clearly has the effect of preventing toluylenediamine anemig:

(Insert Figure 10 on p. 262. a. Number of days. b. Hemoglobin. c. Red

blood corpuscles. d. White blood corpuscles. e. 5,000,000. f. 4,000,000. g.

3,000,000. h. 2,000,000.)
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(ii) In the case whefe Eugenol was Fed after Toluylene diamine Treatment.

After continuously injecting 0.0l gram of toluylenediamine per kilogram
of body weight for a period of 14 days, 0.02 grams of same per kilogram of
body weight for a period of séven days and 0.03 grams of same per kilogram of

body weight for a period of five days, the injection of Eugenol is an amount
of five milligrams per kilogram of body weight was carried out on a continuous
basis at the rate of one injection a day until restoration was achieved. Ob-
servations were carried out during ﬁhis period of time,

An observation of the experimental result shows the fact that the continuous
injections and toluylene diamine brought about a gradual decrease in red blood
corpuscles and hemoglobin and, at the completion of the injections, the range
of red blood corpuscles between 4,700,000 and 4,830,000 before the start of
the experiment was reduced to 2,440,000, 1In the case of hemoglobin, thefranqe
between 86 and 87 pef cent was reduced to 67 and 51 per cent.

Next, the injection of Eugenol was started upon the completion of the in-
jection of toluylenediamine. There was a somewhat rapid increase in red blood
corpuscles and hemoglobin and the normal state was completely restored within
a period of 22 days.

A comparison of the aforementioned experimental result with the result ob-
tained in the control shows that there seems to be a trend of some slight pro-
moting effect, even though the difference observed was extremeiy small.

Translated by Carl Demrick Associates, Inc./R0/db
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SurLey D. Kraus, Pii.D., anp Frankuin Horranoer, Pi.D.

(From the Gastrocnicrology Research Laboratory, The Mount Stnai ‘Hospital, New York 29, New York)

In order to find a satisfactory topical stimulus
for the study of the physiology of gastric mucus
seerction, mimerous agents have heen investigated
in this laboratory (9, 10, 11). Gentle massage,
aqueous cther (saturated), 5 per cent aqueous
clove oil emulsion, 50 per cent cthy! aleohol, dis-
tilled water, isotonie and hypertonie NaCl, wel 4
Lo & per eonl asgqueous cugenol enndsions were all
found to induce desquamation of the surface
epithelivm in addition to acting as mucigogucs.
The most cffective of these mucus stimuli was 5
per cent cugenol, and this also produced huge
amounts of desquamation. Since there is reason to
believe that pure gastric mucus is cell-free (9), this
associated phenomenon of decreased cellular cohe-
sion is of interest in relation to the general problem
of gastric mucus function, but particularly with
thesc aspecets of the problem concerned with the
gastric mucous barrier as & protective mechanism
arainst chemical and physical irritants. The latter
considerations arisc especially in any investigation
which is concerned with an cxogenous, topical
agent as an ctiological factor in adcnocarcinoma

_of the stomach. Furthermore, the looscning of the

cement substance which results in this diminished
cohesion may well be related to the difference be-
tween normal and cancerous tissues, which makes
for the invasive character of the latter.

Some of the attempts to discover & common de-
nominator for such dcercases in cellular cohesion
have resolved themselves around the ioni¢ con-
stituents of the intercellular cement. Overton (4)
stressed the importance of an casily dissocialing
calcium sall us the basis of the cohesive malerial
which binds cellular membranes. A partial ex-
planation for the deercased cohesiveness of malig-
nant cells has been related Lo a culeium deficiency

of the Lissues by runschwig ¢t al. (1) and by

*Phis investigation was supported by a research grant
from the National Caneer Institute of the National Institute
of Henlth, U.5. Public Health Service.

f A preliminary report of this work was presented hefore
the Ameriean Physiological Socicly at ity recent meeting in
Detroit. An abstract was published in Fed. Proe., 8:76, 1049.

Coman (5). Further support for the coneept that
calcium plays a role in the maintenance of eellular
cohesion has been fostered by the observations
that calcium-free solutions decreuse the coliesive-
ness of normal epithelial eells (G), eapillary endo-
thelium (8), ciliated gill cells of Muyfius (13). and
blastomeres of developing sen urchins (8), Methyl-
cholanthrene, which is known Lo deerease the eo-
hesiveness of squamous epithelial cells, Lkewise
decreases the caleium content of the mouse cpi-
dermis (2).

Since both caleium and magnesium are constit-
uents of cell membranes (16). both ions may he
involved in the maintenance of ecllulir cohiesion in
general. Some foundation for this hypothesis is
rooted in the fact that the reunion of sponge cells
does not oceur in the absence of either ion (15), and
recently Zeidman (18) reported that the absence of
calcium or magnesium or hoth decrcases the cohe-
siveness of human squamous epithelium.

'The present work was designed to determine

whether caleium, alone or in the presence of mag- .

nesium, will diminish or prevent the reduction in
cohesiveness of the gastric epithelium induced by
the mucigogue, eugenol.

PROCEDURE

The study was conducted on five ITeidenhain
pouch dogs, using the technique previously de-
seribed (9). One per cent cugenol cmulsion was
made in distilled water, or in CaClz and MgCly so-
Iutions at the several concentrations indicated in
Table 1. Tergitol-Penctrant (1/40 per cenl) was
used to stabilize the enmlsions, as herctofore. Sinee
an acid pH also deereases the cohesiveness of cells
(8), all the cugenol cmulsions were huflered with
NallCO,; (about 0.1 per eent in final concentra-
tion). Determinations of pltof the cmlsion before
and after its application to the pouch revealed no
sigificant deviation from neutralily in the course
of an experiment. Following addilion of the biear-
bonate to the CaCly solutions of highest concentra-
tions, there was o slow preeipitation of CaCO,, hut
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this was barely perceptible within the first 15 min-
utes. Henee, the salt-containing cugenol emulsion
was not prepared until immediately before admin-
istration to the pouch. Each test experiment was
preceded or followed on the same day by a control

experiment with eugenol emulsion in distilled .

water.

Volume, viscosity. and opacity of half-hour
samples of mucus were recorded over a period of 2
hours following cach application of stimulus. Vis-
cosity and opacity were evaluated on 2 scale from
1to 3, using the standards described by Sober ef al.
(19). High viscosity and opacity are generally con-
sidered indicative of high colummnar cell content,
since these three factors are statistically correlated
in significant degree (9). ITowever, the presence of
such cells was confirmed by microscopic examina-
tion of smears stained with toluidine blue. This
was considered essential because coagulated mucin
may also contribute to the opacity of mucus in
considcrable measure. :

Our finding may be interpreted in any one of
three ways: (1) the reaction between eugenol and
the cement substance may involve ealeiun and
magnesinm in an irreversible (possibly non-ionic)
manner, so that the presence of these cations at the
surface of action of the desquamatory agent exer-
cises no cffect on this chemical process; or (2) this
chemiceal reaction may be reversible, bt cugenol is
so powerful a desquamatory agent that its mass
law effect cannot be offset by even the highest con-
centrations of these alkaline carth jons, which can
he maintained at the surface of the mucosa under
the conditions of these experiments; or (3) the
desquamatory action of cugenol may be cntirely
independent of calcium and magnesium, i.c.. the
mucigogue may act on some part of the cement
substance which does not contain these elcinents.
Apropos of the second of these possible interpreta-
tions. it should be noted that the concentration of
eugenol used in these experiments was only 1 per
cent, rather than 5 per cent as is being em-

TABLE 1

CHARACTERISTICS OF GASTRIC MUCUS SECRETED IN RESPONSE TO 1 PER CENT AQUEOUS EUGENOL
EMULSIONS CONTAINING ABOUT 0.1 PEit CENT NAHCO, AND OTitER SALTS

' . Na.ol No. of

Kugenol emulsion made in: expts. samples
Dist. 1,0 12 45
0.02% CaCl, $ 18
0.04% CaCl, 3 10
0.069% CaCl, . 2 8
o.mg MCli, 0.029, CaCly 2 8
0.03% MgCl,, 0.06% Cally 2 -8

RESULTS
At none of the fonic concentrations here em-
ploved did the salts significantly affect the vis-
ensity, opacity, and columnar cell content of the

mucus produced by topical application of cugenol -

rnnilsion. The mean viscosity and opacity values
{Table 1) are not appreciably different from those
for the control expcriments, and the smears in-
variably demonstrate the presence of a high
columnar cell content.

DISCUSSION

The desquamating action of 1 per cent aqueous
digenol emulsion is not prevented by adding cal-
cinm, alone or with magnesium, to the emulsion.
This observation is in accord with the work of
Zvidman (18) in that he was unable to reverse the
deercused cohesiveness of human squamous epi-
thlium, induced by a calcium-free solution, by,
'toring the ion to the medium. On the other
bamd, Chambers (4) found that the diminished
vdhiesiveness of capillary endothelium, indueed by
s caleium-free perfusate, is reversed by changing
“raormad Ringer’s solution.

i

Average Average Average Columnar Cell
viscosity opacity volume content
3.4 2.8. 5.6 Considerable
3.1 3.1 8.6 “
4.6 2.6 2.6 «
3.8 2.4 53 . «
3.2 .0 6.4 .
4.4 3.4 4.1 « .

ployed in most of our other studics with this mu-
cigogue.
The calcium deficiency found in malignant tis-

“sues, and which has been associated with Uheir

ability to invade adjacent Lissues, may reflect some
alteration of a calcinm-binding complex in the ce-
ment substance (12). The chemical charsicter of
this complex is uncertain, hut a protein structure
has been suggested (12), and it may even be a
lipoprotein (7). The desquamating ability of cuge-
nol might be attributed to its lipid solvent ability,
but as yet-this does not scem feasible heeause
hypertonic NaCl likewise produces desquamation
in considerable degree (9). Although there is good
rcason to helieve that mucigogue action is not
necessarily accompanied by desquamatory action,
the problem of how to stimulate large quantitics of
a cell-free gastric mucous sccretion still remains
unsolved.
SUMMARY

1. The object of these experiments was to deter-
mine whether caleium and magnesium ean reduce
cugenc: induced desquamation of gastric columnar
epithelium. This was studied in dogs by the topical
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applieation to Heidenhain pouches of 1 per cent
bulferad (NallC0O4) cugenol emulsions containing
thexe ions at several different coneentration levels.

2. Such éugenol cmulsions exercise the sume
mucigogue and desquamalory actions as do con-
trol emulsions containing none of the added elee-
trolytes.

3. This finding fails Lo give support to the idea
of a pussible relation hetween the desquamalory
action of a gastric mucigogue and the process of
invasion by cancerous tissuc.
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MCICITY OF THE MUCIGOGUE, LUGIZNOL ADMINISTERED BY 1
2 STOMACH TUBE TO DOGS :
. Fraxces U. Lauvser, B. A, axp Franxuw Horianoex, Pu.D. : : '
¢ Prom the Gastroenterology Rescarch Laboralory, The Mount Sn'na'x' Hospital, New York, N. V.
‘ ENTRODUCTION :

The secretory response of dogs’ gastric mucosa to topical application of mild
jrritants has been under investigation in this laboratory!- 2. Eugenol (4-allyl- !
' 2-mcthoxyphenol) has been found to be a most effective stimulus for the sccre- : t
: tion of highly viscous alkaline mucus, and has been adopted by us as a standard '
' stimulus for investigation of the physiclogy of the gastric mucous barricr’. ‘
Previous work with this mucigogue was donc with Heidenhain pouch dogs,
b but our current investigations rcquired its administration to unoperated human
: N beings* and dogs, and also to rodents. Since some of the stimulating agent may
} be transported into the small intestine and may not be recovered by aspiration,
it became necessary to dctermine the tolerance and reactions of the animals to .
various doses of this compound. A review of the litcrature yiclded only scanty ’
information on the effects of this compound®: ¢:7:8,

EXPERIMENTAL PROCEDURE

. : Five healthy female mongrel dogs were employed for the 20 experiments of : .
- this study. They were all over 1 year of age and weighed about 10 kg. Food ’ :
was withheld for 18-24 hours and water was removed from the cage about 1§
hours (overnight) beforc the experiment. The dog was observed closely for one
hour before administration of the stimulus, and pulse and respiration rates
and temperature were determined at 30- or 60-minute intervals. An aqueous
emulsion of eugenol (Merck, U. S. P.) was allowed to flow by gravity into the
stomach, via a Levin tube.

The emulsion, stabilized with 5% gum acacia, was warmed to body tempera-
-ture before administration. Emulsions of 2% and 5%, concentrations of eugenol
were administered in single doses of 50 or 100 ml. Following instillation of the
mucigogue, obscrvations were made on pulse, respiration, and temperature, as -
well as occurrence of retching and vomiting; character of stools; faltering gait ;
and general alertness, at least every half hour for 5~7 hours. Food and water '
were withheld throughout this experimental period. :

RESULTS

4 Pulse and respiratory rate—Control (pre-treatment) pulse values were gen- 1
erally in the range of 84-140. In two experiments, however, the control values
481
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: ' [ of as much as 20 beats per minute in the three measurements taken at half-
SN hourly intcrvals on the same day. The pulse rates taken during the 5-hour
: post-eugenol period were in essentially the same range (84—160) as the control
» valucs, although there were two particularly high values of 216 and 224. The :
4 = mean for the 59 pre-treatment values was 103.6 == 2.8 (S.D..), whereas for *
' ‘ 65 values following treatment, it was 117.7 = 3.1—a difference which is sig-
nificant at the 19 level of probability.
The observations on respiratory rates failed to show any definite effect of
, 1 ' the eugenol, except in one dog (Exp. 267) during the pre-mortal period. The
. . 53 control values were 12 to 50 (mean 26.5 -+ 1.1), whereas the 55 experimental
values varied from 10 to 36 (mean 23.8 2= 0.77). The difference between these
two means is not significant at the 1% level of probability. -

were 60-64, and in -a. third they were 144-156. There was frequentlya diffcrchcc ' i‘
i
!

TABLE 1 ’ !
Summeary of toxic eflects following o single inlragasiric admx’:gistmh‘ou of eugenol emulsion in dogs

v weemamt e ac A =

INCIDENCE OF REACTIONS

B S VT O P Ay

ﬁlm potros m. .:_”Q‘, {~o. or xrs.)
; ) Vomiting Ataxia Death
i 1 B
e B 100 ec.—5% (5.0 gm.) 6 4 4 3 2
I oo 50 cc.—5% (2.5 gm.) 7 4 2 None | None )
o 100 ce.~2% (2 gm.) 6 3 None | None | None
(" Y 50 cc.—2% {1 gm.) 1 1 None None None ]
_ - ﬂ Total....... SO 20 s 6 3 2
‘; e N

e e o e &

Temperature—Rectal temperatures during the control periods ranged be- i
tween 100.4 and 102.6°F. (59 values, mean 101.38° & 0.02°). In the post- i
eugenol period, the mean temperature (N=66) fell slightly to 100.66° = 0.06°

- and the range (98.8°—101.8°) reflected this small decrease also. The difference
between these mean values (0.72°) is significant at the 1% level, in spite of :
the overlapping of the ranges, so that it may be inferred-that the eugenol '
administration resulted in a slight depression of body temperature. However,
examination of the data for individual experiments revealed no apparent cor-
relation of temperature changes with volume or concentration of eugenol, nor

1 ‘ with any other variable. :

1 Systemic reactions—The highest dosage of eugenol in these tests was 100 ml.

13 of a 5% emulsion. Severe reactions were noted in 5 of the 6 experiments

1 (Table I), including 2 dcaths within 24 hours after cugenol, In 3 of these .

experiments, retching and vomiting occurred between 1.5 and 4.5 hours after ¢
administration of the emulsion. In only one animal given this dosage was there

- - -
. ———
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no reaction whatever—a curious occurrence because in each of two subsequent
experiments, with the same dosage run 6 or more days later, she manifested
severe attacks of vomiting and retching. When the dosage was reduced by
balf (50 ml., 5% eugenol) there were no deaths. In only one of the 14 experi-
ments at the low dosages was there any considerable vomiting, and in another,
there was only a minor episode. At none of the dosage levels tested were there
any signs of diarrhca or constipation

In the case of the two dogs tha't died after receiving the maximal dose of eugenol,
there was only slight vomiting in one of them. The second animal retained all §
gm. of the toxic substance and was dead in 7 hours after its administration. In the
case of the first dog, there was a slight reduction in quantity of eugenol absorbed,
because of the loss by vomiting; this was evidently able to delay death by 24 hours,
but not to prevent it. Survival of the dogs in 3 of the remaining experiments of this
maximal dosage group can be ascribed to the extensive decrease in dosage which
resulted from vomiting,

In 3 of the 6 cxperiments (3 dogs) employing the highest dosage (S gm.), there

occurred a motor dysfunction (ataxia) suggestive of a central nervous effect; such

reactions were not noted at any of the lower dosage levels. In one of the dogs (Exp.
248), it was first observed at the end of the second hour following eugenol adminis-
tration. On coaxing the animal to walk, it was noted that improperly coordinated
hind leg movements, resulting in a “drunken’ gait, persisted for about one-half
hour. There had been a previous mild vomiting attack, but no recurrence noted
thereafter. On the following morning, the dog was found dead. On autopsy, liver
and kidneys were seen to be congested; stomach and duodenum had a mild hemor-
thagic appearance. Histological examination of liver, stomach, duodenum, kidney,
and adrenal gland revealed no additional abnormalitics other than a mild venous
congestion of the liver.

" The second dog with motor disturbance (Exp. 267) first became ataxic about 3
hours after receiving 100 ml. of 5% cugenol. At this time, respiration was slow
(about 10/min.), irregular, and deep; pulse rate was elevated to 180, and there was
a subnormal temperature of 98.8° F. In this animal, the loss of coordination was
seen in the front as well as hind limbs. After temporary improvement in gait, pulse
rate, and temperature, the ataxia returned. At 6 hours, the animal lost conscious-
ness, and died during the next hour. There was simultancous cessation of respiratory
and heart action. It is noteworthy that this dog gave no gross evidence of gastro-
intestinal distress throughout the experiment. Autopsy revealed a congested hyper-
emic liver, normal heart and kidneys, emphysematous lungs, contracted mottled
spleen, and a slightly hyperemic pancreas. The corpus and fundus of the stomach
appeared normal, as did the central portion of the antrum, but the remainder of
the antrum and the pylorus were hyperemic with occasional small hemorrhages.
The duodenal mucosa scemed normal, although there was much brown mucus pres-
ent in this organ as well as in the stomach. Histologically, duodenum and stomach
were normal. The kidney showed hyperemia of the glomeruli and parenchyma,

f e mmamm e
.
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with occasional cellular infiltration suggestive of a beginning glomerular nephritis. - © gestio)
The liver showed marked venous congestion and early stages of necrosis of numer- site of
ous cells, but no leucocytic infiltration. o admin
Slight motor disturbances of the hind legs in the third dog (Exp. 275) were first ' no ext
noted 2 hours after eugenol was given. At this time the pulse rate was high (224/ lation
. minute). There was considerable vomiting within the next half hour. By the end of d report
) ‘the following hour (3.5-4-hours after eugenol), the ataxia had completely disap- For
peared, and the dog was generally reactive and alert. No further signs of toxicity was 2
were observed following this recovery.
Throughout these toxicity studics, there was no indication that the cugenol ex- - heca.ur
' ; ercised any effect on appetite. Following the 5-7 hour period of observation, the arric
| animals consumed moderate quantities of the food offered. Neither anorexia nor or pot
! hyperorexia was obscrved thereafter. ; only :
' A Cumulative ¢ffecis—Since the above experiments demonstrated that eugenol in a " found
' : single 2 gm. dose had no immediate effect on dogs, 2 experiments were carried out ' which
- in which 10 successive 2 gm. doses were administered at intervals of 48 to 72 hours. - of saf
b i In general, the procedure was the same as before. The dogs acted normally after - not ay
l g each administration;. with no gastrointestinal, ‘motor, or other systemic reactions - howey
€ . noted at any time. Forty-eight hours after the last administration—on the twenty- their
third day—the animals were sacrificed. The autopsy and histological findings were
| : i essentially negative.
: .
! DISCUSSION : At
(- ¢ Of the scveral dosage levels at which eugenol was administered to dogs by M m;(
' stomach tube, only 5 gm./100 ml. of emulsion (5%) caused severe toxic symp- ture 1
toms— followed by death within 24 hours in 2 of the 6 experiments. However, unaffc
N when any considerable part of the material was expelled by vomiting, even gm./1
i .as long as 2 hours after its administration, the animal was able to recover. It 5 gm.
i’ seems likely that the toxic effects operate at the level of the intestine rather of the
{ than the stomach. This view is supported by two observations: First, by the experi
i failure of symptoms to develop before a substantial part of the eugenol has ' : the 4
§ had time to pass down through the pylorus; and second, by the absence of i a dos:
i .systemic cffects in our previous experiments with gastric pouch dogs in which . in dog
i as many as 7 fifteen-minute applications of 5% cugenol emulsions (usually 2.5 ] minis!
-} gm./dose) were made on a single day®. Independent of concentration or dosage, . aatior
} there was, in general, a depression of body temperature, confirming Mansfield®
4 in this respect; but pulse rate was slightly increased and respiratory rate essen- The
' ? tially unchanged. interp
! That the substance in question is absorbed and has a marked effect on the !
; - nervous system may be inlerred from the paralysis which starts in the lower N
1 extremities in both dogs and rats'®, and in some cases progresses to coma and , YHotr
: ‘even death. Organic effects are concentrated mainly in the liver, with con- ' :m
i ' |
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gestion, hyperemia, and enlargement of cells predominating. The kidney is the
site of similar mild damage in some cases. On the other hand, 20 gm. of eugenol
administered to dogs in 10 divided doses overa period of about 3 weeks, induced
no external manifestations of toxicity whatever. Such evidence of non-accumu-
lation of the eugenol isin agreement with its rapid urinary excretion previously
reported by Schroder and Vollmer?.

For the dog, the highest dosage used that induced only minimal toxic cflects
was 2 gm./10 kg. or 0.2 gm./kg. Determination of LDS0 in dogs is prohibitive
because of cost and lack of uniformity of stock, but such a study has been
carried out on adult albino rats'. When eugenol studies are performed on man
or pouch dog, the material is allowed to remain in the stomach or pouch for
only about 15 minutes, after which it is aspirated. Hence, the dosage levels
found to be safe for orogastric administration in the present experiments (in
which no aspiration was made) can be employcd with a considcrable margin
of safcty in clinical studies on human beings with intact stomachs. This does
not apply to patients who have had a gastric resection or a gastroenterostomy,
however, because of the great rapidity with which the eugenol may pass into
their small intestines. :

SUMMARY

A toxicity study is reported in which dogs were given intragastric instilla-

tions of eugenol emulsions, in order to determine the toxic reactions to this
compound and the order of magnitude of safe dosage. In general, body tempera-
ture was slightly depressed, pulsc rate increased, and respiratory rate was
unaffected. Vomiting occurred only occasionally at a dosage level of about 2.5
gm./10 kg. body weight, but at the highest dosage employed (approximately
5 gm./10 kg.), its incidence was 65%. Marked motor dysfunction, primarily
of the hind limbs, was observed only at this maximum dosage—in half of the
experiments. Death occurred only after the highest dosage of eugenol in 2 of
the 4 dogs used for the 6 experiments at this level. Thus, it would appear that
a dosage of about 0.2 gm./kg. (100 ml. of 2% emulsion) is safe for experiments
in dogs requiring orogastric administration of eugenol emulsion. Repeated ad-

ministration at this dosage level (10 doses over a 3-week period) gave no indi-

cation of a cumulative effect.

The authors wish to acknowledge the assistance of Dr. Manfred Hess in
interpreting the histological specimens.
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Percutanecus Resorption of Essential 0ils and Theif Inqredients
By Fr. Meyer and E. Meyer |

It is widely held that essential oils can be absorbed percutaneously (v.
Czetsch-Lindenwald and Schmidt-LaBaume, 1950, 1956). For a number of these sub-
Astances the possibility of percutaneous resorption may be regarded as pfoven on
the basis of the existing literature, but for many others exact experimental data
are still missing. | .

pfaffrath Qas able to show in 1934 that after percutaneous application essences
of thyme, eucalyptus and turpentine are demonstrable in exhaled air and in some
slight degree also in urine. Moncorps, Schmidt and Tholey (1937) were able to
demonstratd guaiacol in urine after exfernal use in the form of an ointment,
Macht (1938) fﬁund that essential dils from cinnamon bark, fennel, betula, lemon,
orange, anise, peppermint, thyme, Rosa geranium, Caryophyllus aromaticus, Gaul-
theria procumbens.and others can cause, after percutaneous action of 1 cc, un-~
consciousness and lethal intoxication in mice. He successfuli& used some of them,
e.g. anethole, as vehicles. Several alkaloids which as such or in cottonseed and
olive oil are not absorbed percutaneously (among them morphine, strychnine,
aconitine, atropine, eserine and curare) he was thus able to make effective.
Blirgi (1942) jointly with St#hli also examined the resorption of essential oils
and found that camphor, Oleum E;calypti, Thymi, Citri, Terebinthinae, Rosmarini,
Bergamottae, Pini, Juniperi and Lavendulae are detectable, after external applica-
fion, in the exﬁaled air of rabbits by means of.Burgi's apparatus. In contrast tc
the studies of Macht (1938), in those of Blrgi (1942) oral and pulmonal absorption
were certainly excluded; the treated skin portion was limited and the resorbing
surface was thus constant. Recently Valette and Cavier (1945 a, b) made experi-
ments ébout the resorption of essential oils and found particularly favorable

values for alpha-pinene and eucalyptol. RAs eucalyptol is less volatile than
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alpha-pinehe, it is especially recommended as vehicle.‘ The authors referred to
were able to cause for example dihydrofolliculin (1946 a), testosterone (1946 b),
desoxycorticosterone (1947 a), synthetic estrogens (194§ a) and progesterone (194
b) in a mixture of ethanol and eucalyptol to be absorbed percutaneously i; rela-
tively large quantity. '

Supplementing the findings of valette and his school, we have included in our

comparative studies on the permeability of the skin the essential oils accessible

"to us and their ingredients and have found great differences in the rate of re-

sorption, as expected.

Some of the tested essential oils came from a collection of our Institute more

than 10 years old. It is possible, therefore, that due to polymerization, for

instance, the viscosity of some substances was higher than in fresh material and

the rate of resorption was therefore found too low. -
Method

If a liquid is resorbed by the skin, it functioﬁs also as vehicle. A compound
incorporated or dissolved therein is absorbed together with it and thus can indic
ate that resorption has taken place. Eserine is especially suitable as such an
indicator (R. Vogel, 1899; G. V,lette and R. Cavier, 1951) because it has charac-
téristic} easily recordable effects on striated muscle. The latency between ap-
plication on the skin and occurrence of the eserine effect on the periodically
stimulated chewing muscles of mice was used as a measure of the rate of resorptio
The contact or resorbing surfaces were 2.2 cm2 of shaved abdominal skin of 250
male animals, The eserine concentration was 0.25% referred to the base. (For
further details of the method cf. Meyer & Kerk, 1959). -
Results

In Table 1 are shown some results with aliphatic essentialbcns and their con-
stituents. 1In this first, chemically closely related group of cqmpounds with
10-14 C atoms, geranyl formate was absorbed fastest (34 min). Then followed ger-

anyl propionate (38 min), linalyl acetate (52 min), geranyl butyrate (55 min),

geranyl acetate (58 min) and citral (63 min). Geraniol and linalcol were not re
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sorbed within 2 hours in perceptible.quantity. However, after subcutaneous in-
jection of 10 gamma of eserine, dissolved in geraniol, there was no increase in
the response, so that inactivation of the eserine (incompatibility) or an antag-
onistic influence on the eserine effect could not be ruled out with certainty. Fo

linalool the tertiary OH group seemed to have an'adveise effect on the resorption

Table 1

vehicle for eserine Min. to start of rise ‘ Number of tests
(0.25% solution) (arithmetic mean) evaluated
citral 63 5
Geraniol negative 4
Geranyl acetate, fresh 58 .5
Geranyl acetate, viscous negative 6
Gernayl formate 34 6
Geranyl propionate 38 5
Gernayl butyrate 55 5
Linalool negative 5
Linalyl acetate 52 | 7
Citronellal, viscous negative 6
ol. Rutaé 27 6
valeric acid diethylamide negatiﬁe 3
Menthyl valerianate 43 5

That the viscosity plays an important part in percutaneous resorption is
evident f;om the fact that we tested'with negative result an old, thick geranyl
acetate, while a fresh, fluid charge was resorbed already after 58 minutes in per
ceptible quantity. Also the test with viscous citronellal was negative. |

Oleum Rutae, whose main constituent is methylnonyl ketone and wﬁich fherefore
belongs in the aliphatic series, is resorbed very well. Under the¢ described test

conditions we found a mean of 27 min. Wwhile during the test 'périod limited to 2

h valeric acid diethylamide was not resorbed in perceptible quantity (3 animals),




st Ehtenaibiat RN

menthyl valerianate was evidently absorbed relatively éuickly despite its great
l chain length. | |
| . Table 2 summariezes the result of the testing of alicyclic compounds, terpenes
and those essential oils whose main constituént can be classified in these groups
With the exceptionof two substances, solid terpin hydra.te and an old, viscous
grade of terpineol (terpinolene), all compoundé of these groups were absorbed, in

} | ' part after a surprisingly short time.

' Table 2
vehicle for eserine * Min, to start of rise Number of tests

| (0.25% solution) (arithmetic mean) evaluated

’ Terpin hydrate 5% in cyclohexane 16 "6

‘ Terpin hydrate 10% in propanol negative : 6

' Terpineol (*) 33 ' , 5 -
Terpineol, viscous negative 7

t . Terpinyi acetate 50 6
Limonene 43 6
Carvone 35 5
Thymene = l-pinene | 22 6
Fenchone 45 6
Fenchyl acetate 54 ' 5
Bornyl acetate ' 65 6
0l. camphoricum ‘ ' 39 6
01. Pini sibirici ' 55 - 5
0l1l. Terebinthinae’ 62 5
' 01. Tanaceti _ v | 38 - 5
0l1. sabinae Tt . 48 5
0l. Mentae puleg. E 29 o 6

. 0l. Fucalypti 31 : 5

01. Menthae pip. - 58 | s

(*) Fresh commercial product
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The resorption of a 5% terpin hydrate solution in cyclohexane was recognizable
16 minutes after external application. It took place practically at the same

speed as cyclohexane alone (cf. Meyer, Meyer & Kerk, 1959). A 10% solution of

. this substance in propanol, however, was not absorbed. Its addition, therefore,

does not accelerate the resorption of propanol (cf. Meyer & Kerk, 1959), Tﬁis
means that with respect to percutaneous resorption terpin hydrate is rather in-
different. '

Terpipeol was absorbed relatively quickly (33 min), despite its tertiary OH
group. Its esterification with acetic acid made the resorption slower inséead of
faster, as might have been expected from thevdescribed findings obtained with
1inalool and linalyl acetate (cf. Table 1). The mean calculated for terpinyl
acetate was 50 min.

Limonene (43 min) and carvone (35 min), which occurs abundantly in caraway and
dill oil, were resorbed fairly quickly.

In the terpenes and the terpene-containing essential oils, a dependence of
percutaneous resorption on the chemical constitution was not seen.

Thymene = l-pinene was resorbed particularly well in this series (22 min). The
foliOWed fenéhone (45 min), fenchyl acetate (54 min) and bornyl acetate (65 min).
Despite é close chemical relationship, bornyl acetate and camphor (light camphor
0il) were absorbed at greatly different speed (39 and 65 min). |

01l. Pini sibirici, which contains predominantly bornyl acetate, l-pinene and
santene, as well as Ol, Terebinthinae with a relatively high alpha-pinehe conten
were resorbed but slowly. The mean values of 5 tests each were 55 and 62 min,

For 0l. Tanaceti with its high thujone content and for Ol. Sabinae which con-
tains compounds chemically veiy similar thereto ééabinol and sabinol acetate) |
we found somewhat more favérable-values: 38 and 48 min. | |

The rapid resorption of Ol. Menthae pulegiae (29 min) seems to be attributable
to the 80% of pulegone contained therein. Also the menthone and menthol further
contained in pulegol, as well as 1-limonene and dipentene, are resorbable percur.

taneously. But their relatively'small proportion suggests that trey are of mino:

importance. Ol. Fucalypti contains, in addition to eucalyptene (alpha-pinene),
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pinocarveol, butyric, valeii_c and caprioic acid a].dehyée, predominantly (ca. 75%)
eucalyptol, the rapid cutaneous absorption of which valette & Cavier (1945) had
found before us. (Concerning local tolerance cf. Oettel.' 1936).

The percutaneous resorbability of 01, Menthae piperitae, which conta:i.ns: 30-50%
nmenthol in addition to menthone, variaus menthone esters and terpenes, is compar-

able with 0l. Pini sibirici or Ol. Terebinthinae.

Table 3
vehicle for eserine | Min. to start of rise ;umber of tests
(0.25% solution) (arithmetic mean) evaluated
Carvacrol negative 6
Anethole ‘ ‘ . | 6
01. Anisi | " 5
Eugenol . 6 )
Iso-eugenol | - 6 -
safrol _ ' 72 6
Cumin oil . 28 ‘ 5
Cumin alcohol . 87 5
Cumin aldehyde 47 : _ 6
ol. ihymi 82 5
0l. Petroselini 68 ‘ 6
Cinnemal = Cinnamon aldehyde .negative 3
Cinnamein = Cinnamic acid » E 5

benzyl ether

As can be seeﬁ from'Table 3, in which are listed the aromatic ingredients of
essential oils, carvacrol, anethole, Ol. Anisi, eugenol and iso-eugenol are not
_resorbéd by the skin, orvonly very slowly so. For safrol, instead, the percutan-
eous absorption was clearly demoéstrable within 2 h (mean value 72 min; concernit
the different local tolerance cf. 6ette1, 1936). sSurprising is the short latencé
period for cumin oil (28 min), which consists of p-cymol, little alpha- and
beta-pinene, dipentene, bcta-phéllandrene, much cuminaldehyde and cumin alcohol.

1cohol and cuminaldehyde (mean values of 87 and 47 min) are not ab-

gince cunin a




sorbed paf%ic&i;rly quickly, it seems that p-cymol is primarily responsible for
the resorbability of cumin oil. Ol. Petroselini (68 min) and Ol. Thymi (82 min)
were resorbed relatively slowly, cinnameine and the very viscous cinnamon aldehyd
not in peréeptible quantity. - _ \ » -

Some essential oils which cannot teadily be classified in the groups described

until now because of their ingredients are listed in Table 4.

" Table 4

vehicle for eserine Min, to start of rise Number of tests
(0.25% solution) (arithmetic mean) evaluated
01, Calami negative . 5
Pepper oil ‘ | 38 5

0l. Galangae 33 : 6
Patchouli oil negative : 4

0l1. Fagi ether. " ’ . 6 °.
Tolubalsam oil . 4

0l. Copaivae - 92 5

0l. Pimentae negative 6

0l, Origani cretici " 6
Ajowan oil bt 6

0l. Spicae " 5

0l. Juniperi 59 | 6

Except for 0l. Galangae and pepper oil, they are resorbed much more slowly
than the oils named in Tables 1 to 3. The values found are 1 hour (0l. Juniperi
59 min) or much more (0Ol. Balsam. Capaiv. 92 min). For Ol, Calami, Fagi aether.,
pimentae, Origani cretici and Spicae as well as for éatchouli, tolubalsam and
ajowan oii,,resorption is not deteétable during the observation period of 2 h,.

To test the percutaneous toxici;y. the relatively well resorbing coﬁpounds frc
Tables 1 to 4 were applied under the same conditions - but without eserine addi-

tion - on the skin of 2 mice each, for 4 hours. The result of these orientative-

control tests is summarized in Table 5.

It shows that essential oils in contact with the epidermis are not indifferen
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A dependence of the percutaneous toxicity on the rate of resorption was, howe\}er,

not ascertainable.

A . . : Table §

Vehicle Body weight Exitus letalis rindiné
ing after h after 4 h
Citral 15 16 | 3 13 . -
Geranyl acetate 16 16 4 - - no £,
Geranyl formate - 12 19 - - no £. no f.
Geranyl propionate 19 18 - 4 no f.. -
Geranyl butyrate 26 19 - - no £, no f.
Linalyl acetate 13 7 - 2 no £. -
0l. Rutae | 25 25 4 | - - no f.
Menthyl valerianate 18 26 3 - - _ mft.
Terpineol 12 18 23 - -  no f.
‘ ' Terpinyl acetate | 16 19 - - no £. no f.
i . Limonene 20 14 - - no f. no f.
Carvone 18 21 - - no £. no f.
Thymene 21 17 - 3% no £. -
Fenchone 18 19 - - no £. no f£.
Fenchyl acetate 18 24 - . - no £. no £.
Bornyl acetate 22 20 - - no £f. no f.
0l. camphoricum 21 26 - - no £. no f.
0l. Menthae pulegiae 17 16 - - no f. no f.
0l. Tanaceti 16 17 - 4 no £, -
ol. .Sabinae | 17 19 - - . no £f. no f.
0l. Eucalypti _ 19 , 16 - : 2 no f. -
01. pini sibirici 7 o - :-_ no £. no f.
‘ 0l. Terebinthinae 18 25 - 13 no £, -
Safrol . 24 . 19 3 - - ‘no f£.

Cumin oil . - .21 13 3 - - no f£.




At B s

Table 5 confinued.
Cumin alcohol
Cumin aldehyde

01. Petroselini
Pepper oil

0l. Galangae

Summary

(given in English in original publication, p. 519)

Literature

(requires no translation, see p. 519)

Translated by Carl Demrick Associates, Inc./IH/db
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24
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16

22
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no £.
no f.‘
no.f.
no £.

no £.

no f£.

no f.

no f£.
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‘Determination

sample (usually ca 5 ml\flavor or 25 mi
into distn flask. Add enough alcohol to en-
sure mik. of 105% slcohol in distillaie. Add ca 110
ml H30 1y flavor or 200 ml 120 to cor{ial and distill,
collecting YOO mil or 200 ml, resp. If Recessary, dil.

aliquot of djstillate with 107 alcohol produce A
of ¢a 0.5 at 249 nm, using 103 alcohol blank.

benzaldehyde solns at 249'ym against

yde concn from A of sample at 249
rm and std curvd, or cale. av. A of 1 ppm benzalde-
of benzaldehyde in jpm =
(A/A") X F, wherg F is diin factor. (For\ most
accurate work condict 5 ppm std with each detn.)
igher A than std at 222" nm,

19.098 Benzoic Acid (3 fficial First Action

AMeasure 10 ml sample it{o 100 ml fiask and add
1 10S; NaOH soln and\20 ml 3% H:0; soln;
with watch glass and plyce in 100° oven. Oxi-
acid begins almost
jmmedjately; continue heating \p-10 min after all
chyde odor disappesrs (2 \'30 min}.

separator,\rinsing off watch glass; a\d 10 ml H;SO,
(1 + 5); aug cool contents of funnel\to room temp.
under tap. Byt benzoic acid with 25, 33, 20, and 20
ml portions eyher, and wash combined, exts with 2
portions of 5-} ml Hz0, or until all H280; is re-
moved. Filter qu weighed dish, evap. at room
temp., dry overtlight in desiceator, and weigh the
benzoic acid. M .itiply result by 10.

Multiply g/100 \ml benzaldehyde obtained in
10.093, 19.095, or 19.897 by 1.151 to obtain equiv. of
beuzoic acid and subtxact this product from g/100
ml tofal benzoic acid ob\ained above. Dillerence = g
benzoic acid/100 ml ext.

Hydrocy akic Acid

prepd 3% FeR04.7H0 soln !
FeCls.611,0 solu. Mix thoroly ald add 10% NaOH
soln, dropwise, until no further ppt forms and then
H.S0, (1 + 9) to dissolve ppt. In presence of even
small quantities of IICN, Prussian blue coloration
or suspension develops.

19.100 Quantitative Method—
Official Finul Action
(In absence of chlorides)
Measure 25 mil sample into small flask and add
5 ml freshly pptd Myg(OH)z, Cl-free. Titr. with 0.1N

AgNO,, using KiCrO, as indicator. 1 ml O.IN
AgNQ; = 0.0027 g HCN.

-Nitmbcr.lzcne
19.101 % Qualitative Test—Procedurs. %

_ See 19.094, 10th ed.

CASSIA, CINNAMON, AND CLOVE
EXTRACTS

Alcohol~Official Final Action
19.102 Method I
See 19.091.

19.103 Method II (33)

Det. sp gr of ext at 15.56/15.56° or 20/20° as in
9.011, and oil as in 19.103, and apply formula given
T 10.050. Use following valucs for sp gr of the oil:
cassia, 1.05; cinnamon, 1.03; and clove, 1.055.

19.104 Isopmpullol;Qﬂicial Final Action
Proceed as in 19.052-19.034.

19.1053 Oil (37)—OfTicial First Action

Pipet 10 ml sample into Babcock milk test battle.
Remove nearly all aleohol by blowing air into bottle
thru small gluss tube 30 min, or longer if necessary.
From 10 ml buret add 1 ml solv. (equal parts USP
mineral oil and H;O-free kerosene), shake well, and
£1l with sutd Mg80 soln. Centrf. 10 min and read
vol. of oil from extreme bottom to extreme top of
column. To obtain G, oil subtract 5 divisions and
multiply remainder by 2. ~

- vanillin\Let stand 15 min an

GINGER EXTRACT

19.106 Alcohol—Official First Action—
See 9.013

19.107 Solids (38)—OfFicial First Action

Evap. 10\ml sample nearly-to dryness on steam
bath, dry 2 B in oven at temp. of boiling H;0, and
weigh.

19.108 Ginger Yualitative Test) (39)—
Official Figst Action

(Caution: See 46\11, 46.039, and 46.054.)
Dil. 10 ml sample 1o 30 ml, evap. to 20 ml, decant
separator, and ext \ith equal vol. cther. Let
ethehevap. spontancouslyNn poreelain dish, and to
residud add 5 ml 75 11:80¢ (by wt) and ca 5 mg
add equal vol. ;0.
In presenke of ginger ext, soln tyrns azure blue.

19.109 % apsicum (Qualitative Test) %

)—OMicial First Action
(Caution: 46.011, 46.039, and 46.054.)
See 19.102, 10th'ed.

PrE

!

i

19110
See 19¢

9.1
Det. sp
and oil ™,

- 19.050. \-l
mh“l “".'(

19.112 |

d
19.113 ¢

AN

19.114 .
~Toln
1 ml 1I(}
previous!
Stopper
rotate o:
rpm. Fi
again o
lig. is ne.
min. Re:

19.115
Sce 1§

(4}

19.116
(AppL
lemon, ©
mary, t!
Pipet
by vol.!
solv. (e
kerosen:
with 53
the Nat
tions 0%
vol. of
column
menise
.nd pi
diVi"iU"
4ifS5»

19.11%
Use

pected

equipy
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Vanillin
19.008 Ultraviolet Screcning Method (2)—
Official Final\fction
(Caution: Sge 46.016.)
(In absence of coumaljn and Et vanillin)

Pipet 5 ml sample (for Npitations and eoncen-
trates, use 2 m!) into 100 ml
with H;0, and mix well. Pipet
sechind 100 mi vol. flask, add 2

ml of this sola into
0.1.V NaOH, and
1 of this soln into

ext, brillient green fluorescence will develop in 5 min.

If no cdumarin is observed, read 4 & remaining
alk. soln a\ 270, 34S, and 380 nm. OtXain back-
ground A 0.29 X Azzo + 0.71 X Azso. \Subtract
this value froxn Asss and divide by 4 o\l ppm
vanillin (ca 0.}30), detd from std soln of § ppm
vanillin contg 2 1gl 0.1N NaOH in 100 ml, anad mul-
tiply by diln (1608) to give ppm vanillin in original
sample. Make all rdadings within 2 hr of final diln,

If background A id\too h:gh (>0.13), clarify with
isopropanol as follows)

Pipet 5 mi sample inty 50 ml vol. flask-and dil. to
vol. with isopropanol. Trinsfer to centri. bottle and
centrf. ca 10 min at high sSpeed. Without disturbing
sepd solids, carefully pipet Aml lig. into 100 ml vol.
flask, add 2 ml 0.1V NaOH\dil. to vol. with H20,
and proceed as above,

Prep. std vanillin soln by Yissolving 0.1000 g
vahillin in 3 ml alcohol in 100 \al vol. flask, and
dil. Yo vol. with H,0 (1 m! = 1 mg). Pipet 3 ml into
1 L v flask, add 2 m] 0.1V NaOlIf) and dil. to vol.
with H}O. Det. 4 at 270, 345, and 380 nm against
H;0 contg 2 ml 0.1N NaOIl dild to\J0O ml with
H20. Calp. corrected A as A — §0.29.4270 +
0.71A43s0), Xhere .izqn, Azzo, and Azso ark observed
A at these Navelengths, Divide this valud by 3 to
obtain corrected A of 1 ppm vinillin,

{gn is present to extent of 0.81 %% in original

Ultraviolct Spectrophotometric Method (§)—

Ofiteial Final Action

19.009 Pheparation of Standard Curve

, Dissolve 0.100 g vahillin in 5 ml alcohol and dil. to
00 ml with H.O. Trahsfer 15, 10, and 5 ml, resp.,
250 ml vol. flasks, dil\to vol. with 11,0, and mix
Ins A). Pipet 10 ml of ech Soln 4 into 100 ml vol.
flask, dil. to vol. with H;0)\ and mix. Pipet another
set 0 10 ml Solns A imo 100 1 vol. flasks, add ¢a 80
mix, dil. to vol. with

19.010

If sample
with 339 alcohol to below this level\Pipet 10 ml]
sample (or dild daumple) into 100 ml vol. flask, dil.
to vol. with 11,0, \a\nd mix. Pipet 2 ml dild soln into

\
A\

Ay

Rl o+ DALl b

19. Fravors

with H,0
and mix. Fo other flask add 80 ml H,Q® and 2 m]
0.1N NaOIl mix, dil. to vol. with H,0) and mix
again. Det. AV9f alk. soln at 343 nm, using ngut. soln
as ref. blank. Obtain vanillin content from std curve.

each of t\-;; 100 ml vol. flasks. Dil. o
1

col. flask, dil. to vol.f

Vanillin and Ethyl Vanillin ()~
Official Final Action

19.011 Reagents and Apparatus

(8) Mobile solvent.—Cyclohexane = (practical)-
EtOAc-MeOH, 100 + 30 + 20.

(b) Imuobile solvent.—~10%
in ether.

(c) Sodium carbonate soln.—Dissolve 4 g Na;COQ,
in HO and dil. to 1 L.

(d) Chromatographic paper.~Whatman No. 3
MM, 8 X 8.

(e) Chromatographic tank.—Mitchell tank and
equipment, 29.007(a).

(f) Spotting prpet.—10 pl.

(g) Long wave ultraviolet light.—(Caution: See
46.016.)

dimethylformamide

19.012 Preparation of Standard Curve

Prep. solns of vanillin and Et vanillin in 35%
alcohol, eontg 0.10, 0.15, 0.20, 0.30, and 0.40 g/100
ml. Draw parallel lines on chromatge paper 1% and
115" above bottom edge, using hard pencil. Apply
one 10 gl spot of each soln on the 17 line, keeping
spots 1™ apart and starting 2”7 from left side of paper.
Use sep. papers for vanillin and Et vanillin curves.
Use same micropipet for all spottings, rinsing
thoroly before each application. Let spots air-dry,
without heunt. Handle paper carcfully near edges
‘to avoid high blanks.

Meanwhile place 100 ml H,0 in bottom of chro-
matge tank contg one trough. Fill trough with

mobile solv., cuver tank, and seal. Let stand 15 min.

Dip paper into immobile solv. from top down to

115* line, leaving bottom 113" of paper free from
immobile solv. Do not permit solv. to reach spots.
{Dipping can readily be done by use of shallow pan
contg solv.) Air-dry paper few min, remove seal
from tank, aud place paper in tenk with bottom
edge dipping into mobile solv. Reseal tank and
develop 2 hr, even tho solv. front reaches top before
‘end of this period. Remove paper and air-dry. Do
not expose devcloped paper to air >1 hr. If delay
is necessary, place paper in jar and store in re-
frigerator.

Expose paper to NH; fumes for few min by plae-
ing paper in wide-mouth half-gal. jar contg small
beaker with N1I3 on bottom, and capping jar.
Examine paper under long wave UV light and out-
line dark blue areas with soft peneil. Et vanillin will
show higher R, value than vanillin, Remove marked
areas with scissors and cut each into smaller picces
before placing them b 50 ml erlenmeyers. Cut out
2 blanks from side of paper, each approx. equal in
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area to devely,
blanks, away (n

-, rise.

Pipet 10ml
lét stand 10-13
or filter thru ra
filtrate. Det. 4
Also obtain av.
before plotting

19.013
If sample cn

~ below this leve:

spotting on th
to prep. std eur
lin and Et vani
std curves.

Coumi

19.014 % P
See 19.009-1«

Vanillin, Et]
- [{
Chromat
19.015
(a) Spectropt
and 325 nm. At
width <10 nm.
(b) Silica ca
325 nm, usim
{This solv. dets
Cells must be f
octane-ClICl;
each cell well be
Fill cells for r
above light pat
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12.5 mm id es
distance, cool,
close constricte

19.016

{Same batch
solv. mixt. anc

() Silicic «
powder, suita
Chemical Wor
content as folb
acid into weiy!
min at 615° ¢
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ml CHCl, to !
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Vanicta ExTrACTS ) an
rtigh bottle. (Do not use rubber stdpper.) Soln con-
tains\ca 3.85% CHCl,.

(d)\Coumarin std soln.—1 mg 1. Accurately
weigh\100 mg coumarin into 100 ml\vol. flask, dis-
: 16t stand 10-15 min, with frequent swirling. Centrf. | solve il 50 mi CICls, and dil. to vol. Vith isooctane.
! *  or filter thru rapid paper, discarding first portion of (e) ilhyl vanillin std soln.—Prep. ak in (d), using
; fltrate. Det. A at 348 nm, using Na,CO0; solu as ref. | Et vamilin.
i Also obtain av. 4 of the 2 blanks and eorrect std 4 (f) Vinillin std soln.—Prep. as i
before plotting std curve. vanillin.

area to developed spdts. Use side arca for these
blanks, away from spotted areas and their developed
rise. : :

Pipet 10 m! Na;CO; soln info each flask, swirl, and

Lﬁ’ il. one wi :
- Dil. with H.

: ad il Ha0 and 2 :nol
o vol. _«th H,0, and mix

Ed;t 348 nm, uging neut. soln
in content from std curve

-
st s o

.hyl Yanillin (4)—
aal Action
reagents and Apparatys

2y ek i
1 2ghexane (practxca.l)- !

10% dimethyllormamide

(d), using

19.013 Determination | 19-017 Determination of ‘thlorptivities

"If sample contains >0.4 g vanillin/100 ml, dil. Pipet 1}l vanillin std soln into 100 m vol. flask,
below this level with 355, alcohol. Make one 10 xl | add 3.4 m CHCl,, dil. to vol. with isoottane, and
spotting on the 17 line with same micropipet used | mix. Det. .} at 270 and 323 nm against solv., (c), as
to prep. std curves. Proceed as above and det. vanil- | ref. in the } em silica cells. Cale. a {g/L:} cm) for
Iin and Et vanillin by comparison with appropriate vanillin at 270 and at 325 nm from equa jon: @ =

std curves. 1004.
Det. a for

k.—Dissolve 4 & Na,;Co,

W.-—-Whatman No. 3

tt vanillin and vanillin similary.

L-"-Ml'tchel} tank
) and Coumarin—O(ficial Final Action
l 19014 & Photometric Mcthod (5) * 19.018

See 19.009-19.011, 10th ed. (CuiXion: Scc 46.048.)

Preparation of
Chromatographic Cdlumn

Pack small totton wad in bottom of dry\chro-
matge tube. Td, z g silicic acid in mortar add\from -
buret y ml H20,imix thoroly and quickly to uniform
. R powdery consistency with pestle, and immedidtely

Chromatographic Separation Method add 25 ml solv.\(c). Mix and rapidly pour st rr;
19.015 B\ Apparatu thru funnel into tybe. Rinse mortar and funnel with

() Spectroph )!omcter.—Capable of\detg 4 at 270\ small vol. solv. Rémove any air bubbles fornted py
and 325 nm. Adjust to high sensitivity to utilize slit | stirring with long \hin glass rod. Pack column with
width <10 nm. : : ca 2 Ib/sq in. air ptessure until bottom of meniscys

(b) Silica eclis -1 cm. Match cells\at 270 and \of free solv. just tcuches top surface of silicic acill
325 nm, using is octane-CHCls . solv.) 19.016(c). \put outer part of 1eniscus is still clearly visible
(This solv. dets dmi?’-"c’:ﬁ that other medja do not.)  Ymmediately release krcssurc. (Important: If columnl
Cells must be free df other solvs before 31\\“”% iso- annels or cracks, \iscard. During packing and

't It'gh(.-(Cauhbn: See
l

1 of Standared Curee
d Et vanilliy, in 35%

), 0.30, and 0.40 g/100
[omatgc Paper 1* and

K
| ,
Vanillin, Ethyt Vanillin, and Coumarin (6)
. Official Final Action
i

xg-‘::;:xr.f,' percil. Apply
i line, keeping
b 1, tne, keeping
,:;"i ide of paper,
ot llin curves,
gpotungs, ‘rinsin
sing
a. Let spots air-dry,
carefully near edges

—— e b

octane-CHCls solv.,\std, _““d S“f“!’le §°1’*- Drain  thereafter, keep colymn vertical. Tipping ruins
each cell well bet“’?ﬁ‘“\f eadings by inverting qn towel.  ¢dlumn for further usejaltho it may appear normal.)
~Fill cells for reading Yo that meniscus is »3 mm  Carefully add 13 mi splv. down side of tube with |

above light path. \

) in bottom of chro-
x. Fill trough with
al. .Lct stand 15 min.
from top down to
of paper free from
?Iv. to reach spots
use of shallow: par;
t:::t' remove ‘seal 19.016
. with bottom (
eseal tank and
?:e:;':ei _to:[) before (=)
_ ir-dry, .
rand u Hnd(’gyo powded, suitable for chrompatgy (Mallinckrodt
ot B ey Chemichl Works No. 2847, o _equiv.). Det. 8iO2
content s follows: Accurately\weigh ca 1 g silicic
acid into\ weighed Pt crucible. {guite in muffle 15

) aid\ of glass rod so column is not disturbed. Drive

() Chromalographic Yube.—Melt glass tu 11-  5ol%. thru column. Washed column is now ready for
.5 mm id ca 187 from one end, draw out short cag\mtiom .

distance, cool, and breai\ at constriction. Partially

cldse constricted end in flyme, and dry. 19.01: Calibration of Column

Piptt and combine 1 m of cach std soln, (d), (e),
and (f), in 25 ml vol. ﬁz\\k. Dil. to vol. with iso-
octane'and mix. Pipet 2 1l soln down one side of
chromalge tube onto top of, eolumn. Drive soln into
column Yith ca 2 1b air prdssure and collect eluate
in 10 mllgraduated cylinder) Release pressure when
bottom o[\mcniscus touches top of column and outer
art of mpniscus is still deatly visible. Pipet 1 ml
Yolv., (¢), down same side of ube onto column and

ilicie acid.—Reagen

I?w min by plac.
" JAr contg smap
nd Lapping jar,
frghl‘. and out-
- Et vanillin wijj]
tMove marked
2 smaljep Pleces
Heyery, Cut out
»pprt‘ﬁal in

min at 616°, cool in desiceator, pnd reweigh. Cale.
% Si0; (2) in silicic acid. Calc.\vuanmy of silicic
acid (z) redquired for 5.8 g colunip from equation:
x = 3.384 %100/2. Quantity of l( 20 (y) required
for column i¢,5.80 — =.

(b) Isoocta e.—Practical grade ¥,2,4-trimethyl-
pentane, 92.5 <%, bp 93-100°.

() Isooctanc\chloroform solvent nn'.rf‘ure.-—-:\dd 40

ml CHCl; to 1\L iscoctane and mix.\Store in air-
\

{ivc into c‘glumn. Repeat witﬂ\Q addnl 1 ml portions
solv. Fill tube-to within 17 of top with solv. Drive
sol\r. thru column at rateof 5 ml/2-2.5 min, collect-
ing\5 ml eluate fractions, alternating two 10 ml
graduated cylinders during collection. Pour frac-
tinns\‘\iuto sep. test tubes in rack, numbering frac-
tions consecutively. Drain cylinder before reusing
by inverting on towel. Collect 10 fractions and det.
A at 270 and 325 nm against solv,, (¢), 8s ref. in 1
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20 19. Fravors

peaks 1 and 2. Peak 7 is always highest peak in pure
vanills samples. Sum of 8 peak Mg calet on basis of

internal std penk ht = 1.00, provi;l‘e\w{f\tlll informa-
tion on quantity of vanilla acids present. atio peak
2:peak 7 also provides significant informatiot.Note

also presence or sbsence of foreign peaks. If som
eaks are too high for measurement, repeat detn

greater attenuation.
(Nole=TMS derivatives tend to break down with

heat, an Qinued use may impair column cf-
ficiency. Alsoartifacts occur sometimes, particu-
larly on first runef day. Columns usually can be
reconditioned by ovberuight heating at 250° with
slow stream of He, Disconnect columit from detector
when performing such reconditioning. Special regen-
erating ligs (e.g., Siyl-8, Pierce~Chemical Co.) are
also availnble for injection into cotumns used for
TMS work. Heating thermal conductivits detectors
at higher temps, without current, helps kéep them
free from decomposition products.)

_vol. and mix.

AR AINREY AR N3

addnl 25 ml portio
completely extd. Add

NaCl soln or until alcobol is
O to combined 8q. exts
until vol. is ca 150 ml. Conn fiask to vertical con~
denser and distill into 100 ml flask, removing
flask when distillate is 2-3 mi below~mark. Dil. to

Qucl:‘tatii-e Test for Acetorie .
distillate add 0.5 ml 5% ale. wnilrobe:;za:\
dehyde solu\ﬂﬁi 1 ml 105 NaOH soln. Mix; then
shake with sma l~q¥antity of CHCly. If CHCl; turns

blue, acetone is preseat.

19.054 Determination

Pipet 10 ml distillate into 500 0 1erlenmeyer contg
50 ml ca 2V K2CryO7 and add 100 mlH:80. (1 + 3).
Stopper flask, swirl, and let stand 30 min. Add 100
ml 3055 FeS04.7H20 soln. Connect flask to\er\tical
condenser thru foamn trap. Slowly distill ca lOO\mI\

LEMON, ORANGE, AND LIME
EXTRACTS AND FLAVORS
19.049 Specific Cravity—Official Final Action

Det. sp gr at 20/20° with pycnometer as in 9.011.

19.050 Alcohol (17)y=—Oflicial Final Action
————

(Applicable to cxts consisting only of oil,
alcohol, and water)

Det. sp gr at 15.56/15.50° or at 20/20° as in 9.011
and oil content as in 19.060, 19.061, or 19,116, and
apply following formula: Let 8 represent sp grF of
sample; O, sp gr of oil; and p, 95 oil found. Then
100 -p=% 11.0-alcohol soln, sp gr of which,
represented by P, is caled as follows:

S = [0p + P(100 — p)}/100;
therefore
P = (1008 — Op) /(100 — P).

Det. E, alcohol equiv. of P, from 47.003. It gives
% sleohol in alcohol-120 soin. To find % alcohol
in ext, apply following formula:

% by vol. of alcohol in ext = E(1 — p/100).

Value of @ for lemon oil may be taken as 0.86 and
for orange oil as 0.85.

e 500 ml vol. flask contg 200-300 ‘ml cold HzO. ~«
DiN mix, and pipet.25 ml into g-s flask contg ~
25 ml 1N NaQH; add 50 ml stdzd 0.1N I with swirl-

ing. Letstand 1 in. Add 26 m} 1N HCl and at once
titr. residual 1 withngtdzd 0.1V Na,8:0s, adding
starch soln when I color™ss nearly discharged. Each

ml 0.1N I consumed in reattign = 1.001 mg iso-
propanol. ’

Applicable to Lemon and Orange Flatozs in

Presence of Acetone (19)

Apparatus

—Use foil wrapped stoppers or prefer-
il. Provide condenser with adapter
| inches into vol. flask.

reparation of Sample
Proceed as in 19.052, placi 100 ml vol. flask in

ice-H,0 bath. ‘ \

19.057 " Determinatianef Acetone

Pipet aliquot preferably contg 0.1—0.3‘%”cplone
into 100 ml vol, flask and dil to vol. with H3O. Dét\A

19.031 * Methanol—Offcial ¥
Final Action

¢e 10.047, 10th ed.

I pmpnnol-—Oﬂiciul Final Action
Applicalle to Lemon FExtract in Absence

Acetone (18)
19.052 Preparatiorn of Sample
Place sample contg <8 total alcohols (approxi-

mation of alc. content may b}ng\de from sp gr detn
and ref. to 47.003), into separal contg in stem
cotton pledget wet with 11;0. Add 25 LIO% NaCl
soln and 25 nul pet ether. Shake well and when layers

gep. drain Jower layer into flask. Repeat extn\v&llzo bath. Dil. to vol. with 10 and det. corrected

at 265 nm with Hz0 as ref. soln in Beckman Instru

ments Model DU spectrophtr or equiv. instrument.

Correct for 4 of H30 in same cell as used for sample,

if necessary. Det. quantity of acetone in the 100 ml
vol. flask by ref. to std curve prepd from redistd
acetone.

In absence of purificd acetone, g acetone/100 ml
maybe estd from equation: C = A/3.08, where
C = g ncetone/100 ml, A = corrected A in 1 cm
cell, and 308 = assumed A of 1 g/100 mi soln of
acetone in 1 cém_cell. Cale. to g acetone/100 ml
sample. ‘

19.058 ‘Determination of Isepropanol

Proceed as in 19.054, distg ca™100 ml into 250 ml
vol. flask contg ca 100 ml cold H:O and held in ice-

~

A asin 19.¢
vol. flask b:,

ln l.bucm
may be estc
C' = g aces
308 are de;
sample. D¢
19.057, and
/100 mi sa:

19.059 G

Proceed
according t
contg 0.1

Oils o
19.060 D
0]
Without
tube. Divi
Jemon ext .
other opti-
~ oil by vol.
correct res
from % b;
exts, and
by sp gr ¢

19.06%

9

Pipet,
16.053(a)

\Hzo pl’!:'-'.
in H;0 5

wWarm H-
agein ot
few min.
add 0.4,
oil. I <
correctio
multiply
for orany
ext.

19.062

Proce

19.063
(a) &
ingle
®)
short 1
{© -

geners




eutze liberated
ful color of
Y41 Ty “nt“
)w'r }""““Qr a[ter
wnd . & Eep-
in) 1 ml 0.5N

the oil. Repeat
¢ end pnint llll‘d
i . 11Ci soln 1-2
in first detn.

]
I Action

Apﬁaratu,s
} with glass inlet
tle. Adjust outlet
' bottle and place
and source of air.

| Reagents

I—Reflux ea 1 L
er 35-40 g KOH

, reject first 25 ml -

 Store at ¢a 3°.
solve 160 g NaCl

Use freshly boiled

rination
ttle n* ansfer to
mial. .ltocom~.
1,011 . HCl soln and

from buret or grad-
in 809, alcohol to
» or 50 excess. Add
. and shake; pink
ul isoamyl alcohol
., shake vigorously,
should be sharp),

liepeat extn with
.nd once with 6 ml
ts each time. Drain
layer into 500 mi
ee with 23 ml Et
n flask. Add phthln,
V stdzd KOIL, and
20 ml std KOH in

late; then cool with
a 150 m! H,0 and
nt shaking. Transfer
1 short-stem funnel,
id add to separator.
p. Drain lower layer
nl H,0 .to separator,
 let layers sep. until

Al L2 DL

t of aq. layer scps. (Small Ryer of emulsion may
remajn between layers.)

Drdjn aq. layer into flask, retalpning any emulsion
in sepatator. Keep flask and scpgrator stoppered
between'nddns to avoid contact wit\air. Add ca 100

mi H:0

separator, shake vigorov

sly, and drain
entire contants into 250 ml centrf. b%le. Stopper,’

and centrf. \until 2 well-sepd layers ake obtaived.
Blow off loweh layer in centrf. bottle, usi expeller,
into fiask cont} aq. fractions previously ¥epd, add
¢a 0.2 ml phthiny and titr., using std 0.2V XICL As
nd point approaches, repeat addn of indieator and
titr. to disappearange of pink. (Lig. becomes white
r grayish.)
Conduct blank detm\similarly, using same amt3 of
all\reagents. Subtract \t{\ of sample from that &f

: to obtain equiv. ofQ.2.V alkali consumed. L
0.2V Wkali = 39.2 mg esters as linalyl acetate.

inene (37 )—-Oﬂ'lcia-\Final Action

19.090 (ulitative Test _

(Caution: §thyl nitrite may beth armful. Avoid con-
tact with skil and breathing vapor.)

Mix 109, didtillate, 19.077, with\5 ml HGAe, cool
freezing bath, and add 10 ml Et
nitrite. Add 2 mINHCI (2 + 1) slowly\with constant
stirring. Keep mix} in freczing bath 13min. Collect
crystals formed on \ilter, using suctiox\x and wash
with alcohol. Return dpmbined filtrate ar:\tg\\vnshings

freezing bath 15 lnin. Collect addnl crystals
ed on original filten Wash combined trops of
cryials thorely with alcoh\l.\l)'ry at room tenip. and

dissolve in min..quantity of CHCly. Add MeO{I to
CHCDsoln, little at time, untjl nitrosochlorides exys-
tallize oyt. Mount sepd and d?igd crystals in olive il
and exaniine under microscupe.\Pinene nitrosochlots
ide crystaly have irregular pyramidal ends; limonene
nitrosochl‘:k{e crystallizes in neerdles.

ALMOND EXTRACT
Alcohol—0ficial First Action
19.091 Method I (32)

Fill 50 m! pycnometer with sample at'15.56°, and
empty into separator contg ca 10 g NaCl. Wash out
pycnometcr several times with satd NaCl, using
total of ca 100 ml. Ext twice with 50 ml portions pet
ether (bp 40-60°). Collect pet ether ext in second
separator and wash with two 25 ml portions satd
NaCl soln. Combine original NaCl solu with wash-
ings, ndd little powd pumice, and distill into 100 ml
pyenometer (Fig. 9:1). When almost 100 ml collects,
dil. to vol. with H;O at convenient temp. and det.
alcohol from sp gr as in 9.013, using table, 47.003.

19.092 Method I (33) .

\%et. sp gr of ext at {56/1&56" or at 5\1{20" as
in 9,011 and benzaldehyde coutent as in 19.093.
Applx formuls given in 193050, using benzaldehyde
content,as % oil found. \

HI RS Rt

Official First Action
Measure 10 ml sample into eath of two 300 mli

erlenmeéyers and add 10 ml phenudAydrazine soln (3

ml HOAY, 40 ml H;0, 2 ml phenylhy\razine) to one

flask and 15 m! to other. Let mixts sthnd overnight

in dark plate. !
Add 200 l\iﬂzo and filter thru weigl‘\e\d gooch

C

provided with\thin layer of asbestos. Wash ppt first
with cold 11,0 'and finally with 10 ml 10¢p\alcohol.
Dry 3 hr at 70° A pressure <100 mm Hg or’to con-
stant wt over I1:50. Wt ppt X 5.108 = wi benzal-
dehyde in 100 mi sample. If the 2 detns do not agree,
repeat operation, uging larger quantity phenyl-
hydrazine soln. »

Alternative Gravijnetric Method (35)— .
Official Final Action )
094 . Reagent
 4-Dinitrophenylhydrazinédsoln.—Add 50 ml aleo-
holMo 3.0 g 2,4-dinitrophenythydrazine. Slowly add
10.0 Yl H,S0, while stirring. After reagent dissolves,
add addn! 40 m! alcohol and filter thru Whatman
No. 12pzper.

19.095 etermination

Measure sample contg ca 10-50 mg\benzaldehyde
(ca 5 ml flayors, 100-200 ml cordials) into distn.
flask. Add e:%lgh alcohol to ensure’ > 190G, by vol.
in distillate and, dil. to ca 150 m! for flavors and 250
ml for cordials With ;0. Distill ca 100 tl flavors
and 200 m! cordils and collect in vol. flask in ice
bath. Transfer dis}illate to 600 ml beaker (Also in
ice bath) with 100 Ynl chilled alcohol. Add 23 ml
H,S04, mix thoroly,\und immediately add 23\ml
2,4-dinitrophenylhydrazine soln, while stirring. Heéat
on steam bath or hot pl:} e 30 min at ca 75°, stirring
ccasionally (avoid boiling).

Remove from heat, let ppt settle, and filter by
dedanting most of supernatant thru weighed gooch
prepd with thin asbestos met before transferring

Ultraviolel, Spectrophotometric Method (35)—
Official Final Action\

19.096 Reagents and\dpparatus

(a) Spectrophotometer.—Quartz spectrol\)htr, Beck-
man -\‘Instrument;\.\ludel DU, or equiv., yith UV
sensitive phototubetand I lamp.

(b) Benzaldehyde ~Redistd; sp gr 1.041-1.046.

(c) Aleghol.—Reagout grade aleohol or McOHL.

(d) Benialdehyde std\soln.—Weigh 1 g benzalde-
hyde into 100 mi vol. flask and dil. with alcohol.
Transfer 1 ml of this soln o 100 ml vol. flask, using
10%, alcohol. Dil. 1, 2, 4, 6,'S, 10 ml aliquots to 100

\
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Fd Cosmet. Toxicol. Vol. 3, pp. 311-324. Pergamon Press 1965. Printed in Great Britain .

Review Section

Chronic Toxicity of Essential Oils and Certain Other Products
of Natural Origin* ,

F.J. C. ROE

Chester Beatty Research Institute, Institute of Cancer Research; Royal Cancer Hospital,
Fulham Road, London, S.W.3, England o

and

WintFrep E. H. FieLD.
Pathology Department, Standish Chest Hospital, Nr. Stonchouse, Gloucestershire, England

(Received 13 ngruary 1965)

ESSENTIAL OILS

Definition of essential oils (ethereal oils, acthcrolca)

The essential oils are a group of odorous principles which are. soluble in ethanol but only
to a limited extent in water. Chemically tiwwy are mixtures of esters, aldchydes, alcohols,
ketones, and terpenes. 1f exposed to the air, oxidation occurs and it is normal practice to
add antioxidants, usuaily either (1) propyl, octyl or dodecy! gallates, or (2) butylated
hydroxyanisole, to them at a concentration of 0-1%.

Chemistry of essential oils

The major and more important minor constituents of the essential oils have been known
for many ycars, but following the introduction of vapour phase chromatography the list of

substances known to be present in small or trace
amounts has increased and is still increasing.
The same constituent, such as a-pinene, may
be present in a great variety of oils either
as a major or minor constituent. Similarly,
there may be distinct diffzrences between oils
derived from difTerent species within the same
genus (c.g. Eucalyptus).

Terpenes and terpene darivatives—alcohols,

aldchydes, ketones and esters—are the chief

constitucnts of all essential oils. It is generally
agreed that isoprene is the 5-carbon molecule
from which the several types of the terpenc
molecule arc built (Fig. 1). Under warm

(I:H, én,
c
Z N
H,C ﬁu u,c.-/? Nen
H,C. CH, H.CL , 3
eu N
;
e \
cHy e, o N,
Iscprene(2moles) Lrlrnonene

[C<Hy= hemiterpene] [CH -monoterpene]
Sesquiterpeness(. My,
Diterpenss :Co-Hy
Triterpenes =CyHiy

#16. 1. Isoprenc as a building block of
terpenes.

eThis pxper was delivered to the Sey enth Meeting of the Furopean Committée on Chronic Toxic Hazards
(Eurotox) held in Brussels, 3-6 Juns 1964. The procecdings ol this mecting was published in this Journal

(1964, 2, 655).
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conditions in the presence of oxygen, oxidation may occur in the laboratory. In the
patural state either oxidation or reduction may proceed. Thus the variety of alcohols,
aldehydes, ketones and esters emerge (Figs. 2, 3 and 4). The terpene hydrocarbons are not

.0 OH - % “H,0
. . < I, S2H \I ¢HO -
N RS R l(ocs&ul

Limonens Carvone Carveol [C‘,H ‘0] [C oH ‘]
W B il

. p=Cymene
Fic. 2. Oxido-reduction from limonene to carvone Fic. 3. Oxidation of isocitral in
and carveol. lemon c¢il to pcymene.

+2H

+2H
=N
' ' RO CH,OH
- ’ ' I
_ e
Citronellal ~H20, Geraniol
[c.cH+0] fc He0] '
N
A
Limonene
fc:ne]

FiG. 4. Relationship of various constitucnts of essential oils to each other.

devoid of odour, but in most oils it is the other constituents, usually minor constitu-
ents, which are respensible for their characteristic scents.

Pharmacology and uses of essential oils

Taken internally it is a general property of essential oils that they are mildly irritant to
the mucous membrane of the mouth and digestive tract. Their ingestion gives rise to a
sensation of warmth and increased salivation. Because of this property they arc used as aids
to appetite and digestion. Following ingestion the main constituents are seeretad via the
lungs, kidneys and skin. I the lungs they are slightly antiseptic and act to stimuitte respira-
tion and cardiac activity. Their administration gives rise to a transient rise in blood pressure,
and because of this they have been used in conjunction with more powerful stimulants in
the treatment of syncope. Taken after meals they have a carminative action, and certiin
essential oils (e.g. oil of dilh) are used to counteract the griping pains of colic.

P
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When large amounts of some of the essential oils are ingested and there is increased -
excretion of constituents via the kidneys, irritation of the kidneys, bladder and urethra may
occur. It is recognized that, where pre-existing inflammatory conditions of the urinary
tract are present, they may be aggravated by small doses of ingested oils.

An irritant and rubefacient effect is observed following the application of many of the
essential oils to the skin. Typically there is a smarting sensation followed by mild anaes-
thesia. They have therefore been used medicinally as counter-irritants, although a danger of
blistering is recognized.

Inhalation of the oils is followed by the arrest of profuse secretion within the respiratory

t. Thus they have bezn used to relieve bronchiolar congestion in chronic bronchitis.
lt is as pleasing odorous principles that the essential oils are best known to us. We en-
counter them as flavouring agents and as scents in soaps and cosmetics of all kinds, and in
insect repellents. For these purposes they are present in low concentrations and are for the
main part applied externally only.

Finally, large quantities of essential oils and products derived from them are used by
industry, especially as constituents of paints and varnishes, as disinfectants, in mineral
flotation and as solvenis. There is a growing tendency for synthetic chemicals to be used in
the place of crude or more or less refined esséntial oils as usad in the past. However, it is
the essential oils themselves which usually provide the starting materials for the syntheses
involved.

Chronic toxicity of essentiul oils

As we have scen, irritation of the skin, respiratory and urinary tracts may all be attri-
butable to excessive exposure to essential oils.

The questions which faced us in 1959 were: could these irritant effects under certain
circumstances lead to cancer induction, or could the oils act as co-carcinogens or tumour-
promoting agents? '

The substancces studied by us were the following:

Oils. Orange, lemon, lime, grapefruit, bergamot, euc.alyptus, peppermint, clove, cinna-
mon, cedarwood, turpentine.

Constituents. x-Pinene, phellandrene, /-decene, linalool, terpenelcss fraction of
orange oil, terpene fraction of orange oil, d-limonene, n-decyl aldehyde, d-carvone, eugenol,
terpincol, linalyl acetate, terpinyl acetate, citral.

Preliminary tests

As a preliminary to the main experiments we exa mmed the early effects of these sub-
stances on mouse skin. Mice of the ‘101” inbred strain and approximately 8-10 weeks of age
were used for this purpose. The dorsal hair was removed by electric clippers and the sub-
stances applied cither in undiluted form or at various concentrations-in acetone. Two
applications of the test material were made 7 days apart. A sp;cnmcn of dorsal skin was ob-

~tained by biopsy 3 days after each application.

In these preliminary tests most of the substances nmmoncdabovc give risetomoderateor
marked epidermal hyperplasia. In some cases arcas of necrosis with ulceration, weeping and
crusting were seen, High concentrations of the oils in acctone were often more irritunt to
mouse skin than the undiluted oils.
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In general, the terpene hydrocarbons proved to be irritant to mouse skin, whereas the
alcohols, aldehydes, ketones and esters were systemically toxic and could only be applied as
dilutions in acctone. Similarly, oils wherein the main constituents arc alcohols or esters
(e.g. clove oil, which contains more than 70 % cugenol) were particularly toxic to mice when

applied to the skin. An exception to this generalization was secn in the case of peppermint .

oil, which contains approximately 60% of menthol (Fig. 5) and was neither systemically
toxic nor locally irritant. Similarly, cedar-wood oil, the chief components of which are
cedrene (80%) (Fig. 5) and cedrol (3-14 9/, was also without either systemic or local effect.

T“s

CH
HC” CH,
H,C CHOH

\‘I:'_( .

CH

H;C/ \CHg
Mentho!l

(Maln constituent of peppermint oif)

Hccgc <CH3 .éz .
KOV
\ ol

W f | w

HE—

CHy
Cedrere
(Main constituent of cedar-waod oil)

FiG. 5. Examples of essential oils lacking systemic or local effects.

Skin tumour-promotion by citrus oils

A full report of the experiments in which we observed the promotion of benign and
malignant skin tumours by the repeated application of diffcrent citrus oils has been pre-
sented elsewhere (Roe & Peirce, 19G0), Here we cive a brief resumé of our findings.

‘Mice of two different strains were used, ‘101° strain (inbred) and stock albino (random-
bred) and cxperiments were started when mice were approximately 8 weeks of age. In the
case of the test groups, treatment bezan with a single application of 3,4-benzopyrenc (BP),
9,10-dimethyl-1,2-benzanthracene (DMBA), or urcthane to the whole of thedorsal skin after
removal of the hair by electric clippers. Titese substances were applicd to the skin in acctone
solution, the dose being sutlicient to initiate skin tumour formation but, generally speaking,
inadequate for complete carcinogenesis (Berenblum & Shubik, 1947 a,b 1949; Salaman &
Roe, 1953). No further treatment was given for a period of 3 weeks, after which the test
substance was applicd once weekly, cither in undiluted form or diluted with acctone.
Control groups received cither the initial treatment alone, or treatment with the test sub-
stance following an initial application of acctone only. Dorsal hair was removed repaatedly
as necessary throughout e experiment. Beniga warts (papillomata) and malignant skin
tumours (epithcliomata) appared in soms of the groups wiich reczived both pretreatment

o!
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herep—*he with a subcarcinogenic dose of BP, DMBA, or urethane and repeated treatments with one
appl. 48 of the test substances. Occasional tumours only, all of them benign, were seen in the control
s Or esters - : groups. The results are depicted in Tables 1, 2 and 3. :
mice when : : ‘ . ~
eppermint o
stemically . Table 1. Tests for tumour-promotion by citrus oils
which are . .
 effect. - Primary treatment : Skin tumour incidence
cal eliect. ; with DMBA® : _ (33 weeks after start of secondary
; (given as single ) treatment)
T application in 0-2 mi Secondary trcatnient
. acetone) (0-25 m! once weekly, starting No. of surviving - Total no. of
{ (ug) 3 weeks after primary treatment) mice with papillomas papillomas
z “ i .
300 Orange oil {cithar undiluted or ) 28/43 83
- at 809 or 40%, concentration in
| H acetone)
! - None Do. 1/48 it
' . 300 None s 6t
: 225 Lime oil (undiluted) 8/14 47
? None 40% Lime oil in acctone 0/15 0 .
S S 25 Bergamot oil (undiluted) o/10 0 "
‘ None Do. 0/8 0
300 Lemon oil (undiluted) . 10/15 38
300 Grapefruit oil (undiluted) ) 13/18 37
'
I . 99.10-Dimethyl-1,2-benzanthracene.
‘ : $Tumours on skin, outside treated area.
- Table 2. Tests for tumour-promotion by the two main fractions of erange oil
Primary treatmrent Skin tumour incidence
. with DM}!A , . (33 weeks after start of secondary
snign and : (given as'smglc treatment)
b gn an application in 0-2 ml . Secondary treatment
tCn pre- acetone) L (0:25 mi once weckly, starting _ No. of surviving Total no. of
gs. {ur) 3 weeks after primary treatment) mice with papillomas papillomas
{random- ' _
ge. In the : 300 None : /16 1
enc (BP), 300 809 Terpenc fraction® of 8/15 2
skin after . orange oil
n acetone 300 205, Non-terpene fraction® of 113 H
| caking. orange oil _
Speaking, None * Do. 0/34¢4 0
laman &
h the test o-. . v e . Cc0s i
| *Approximatcly 95°, of orange oil finds its way into the terpene fraction and 7e Into the non-terpene
acetone. fraction. Hence, if the tumour-pronioting activity of the oil were due to the activity of the non-terpene
test sub- fraction a strong positive result should have been obtained in the third sroup.
epeatedly tOnc animal had a melanotic tunour (nzevus-type) in subcutaneous tissues of treated area; and anothef
aant skin had a snuall h;’:cmangtoma in the saawe region. .
reatmant

e
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Table 3. Tumour-promotion by eucalvpius and turpentine oils and certain constituents of essential oils

Primary treatment . Skin tumour incidence
with DMBA e : (33 weeks after start of secondary -
(given as single : treatment ‘
application in 02 ml - Secondary treatment et
acetone) (025 ml once weekly, starting No of surviving Total no. of
Group® (ue) 3 weeks after primary treatment)  mice with papillomas  papillomas
1 300 " Undiluted oil of turpentine 8/19% 104
2 300 None 1/16% 13
3 225 Undiluted oil of eucalyptus 4/14 -
4 225 None 0/13 0
s 150 40% a-Pinene 3s 4
6 150 40%, Phellandrene ] 2117 2
7 150 40%, 1-Decence /i 13

sGroups 1 and 2 were contemporaneous, so also were groups 3 and 4. No control group treated with 150 pg -
DMBA only was set up in parallel with groups 5, 6 and 7. However, it is extremely unlikely that tumours
would have arisen in response to this treatment only.
$0nc mouse had a single papilloma outside the treated area.
1Single papilloma outside the treated area.

. 13

Tumours at the urethral orifice of female mice treated with orange oil -

In our earlier report (Roc & Peirce, 1960) we described the induction and appearance of
tumours at the urethral orifice of female mice during treatment with orange oil with or
without DMBA pretreatment, or with the terpeneless fraction of orange oil (Table 4).

Table 4. Incidence of tumours of the urethral orifice of fe:nale 1017 strain mice-treated with orange oil

Incidence of tumours
_ of the urethral orifice
Treatment in female survivors

FIRST SET OF EXPLRIMENTS

‘DMBA + Orange oil to dorsal skin 4/40
Orange oil only to dorsal skin 2/40
DMBA only to dorsal skin } 0/38
DMBA +terpene traction of orange oil to dorsal skin 0/10
DMBA + terpencless fraction of orange oil to dorsal skin TN 1/10
: Total...... 7138
SECOND SET OF EXPERIMENTS _
Terpeneless fraction of orangz oil only to dorsal skin 0/34
Terpeacless fraction of orangz oil applied directly to urcthral orifice 0/16
225 pg DMBA applizd 10 dorsal skin, then terpencless fraction of erange oil 0/20

(0-05 ml by stomuach tube) once weekly

Altogether we saw 7 of these tumours, all in mice of the ‘101" strain and all in mice
treated with a particular batch of orange oil. No such tumours arose in subscquent experi-
ments where other hutches of orange oil were used, nor in experiments with other citrus
oils or citrus oil constituents. Deliberate painting of the- urcthral orifice of female 101
strain mice with the terpencless fraction of orange oil did not elicit any tumours (Table 4:
second sct of experiments). Similarly, no urcthral tumours arose in female mice painted
with the terpencless fraction repeatedly without DMBA pretreatment, nor in mice given a
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single application of DMBA to the skin followed by the terpencless fraction pepeat'edly by

stomach tube.

The tumours were benign squamous papillomas, often mitotically active but never in-
vasive. Some grew to a size of almost 1 cm in diameter. All were heavily infiltrated by poly-
morphonuclear leucocytes. Figs. 6 and 7 illustrate the macroscopic and ‘microscopic
appearances of thcse tumours, respectively. '

Looking back it would scem likely. that a second factor was involved in the genesis of the
urethral tumours; perhaps an intercurrent genito-urinary infection in the mice used in the
carlier experiments; perhaps a slight dictary difference. Alternatively, one must suppose
that the earlicr and later batches of orange oil differed in somé material way. It s perhaps
relevant that “101° strain mice arc especially susceptible to papillonephritis, 2 disease of un-
known aetiology which initially causes necrosis and calcification of the renal papilia (there
is only onc papiila in the mouse kidney) and subscquently retrograde changes in the renal
cortex leading eventually to renal failure. However, this disease was seen in both the carlier
and later experiments with orange oil. A second possibly relevant fact is that in the carlier,
but not the later, experiments referred to above, intussusception and anal prolapse were
common causcs of intercurrent deaths. We have no idea why this should have been. The
fact is that, thouzh we wished to study the mechanism of induction of these urethral
tumours further, we could not do so because we had altogether lost the knack of inducing
them. ‘

Experiments on other essential oils

Weak tumour promotion was observed with turpentine oil and with x-pinene, one of its
principle constituents (Table 3, Fig. 8). Previously, Mackenzie & Rous (1941) reported that

o g
c
uc< Ncn nc< en,
I“;C'C’C'"sl, |1Coe-cryf
C CH, H CH
H H
a-Pinene B-Pinene .

Fic. 8. Main constituents of turpentine oil {average for several varicties of oil). x-Pinene 62%: 2-pinene
33%: aicohols, aldehydes, esters. eic. 574

turpentine oil promoted skin tumour development in rabbit skin, but Berenblum (1941)
and Shubik (19350) found it to be more or less inctivetive in the mousc. It is likely that the
composition of the oils used in the various experiments was diiferent, and this may explain
the disagreciment betswesn our findirgs and those of Rerenblum (1941) and Shubik (1950).

The cucalyptus oil tesied by us uppeared to have weak promoting activity for mouse skin

)

. (Table 3). Four out of 1} mice which survived 33 weeks or more developed skin tumours in

response to a single application of 225 ug DMBA followed by once-weekly applications of
undiluted eucalvptas oil. Malignant skin tumoeurs were seea in 3 of these 4 mice, the first
afier only 14 weeks of sccondary treatment. Mice treated alone with 225 pg DNIBA de-
veloped no skin tumours during a comparable period of observation. Phellandrene, one of
the major constitucnts of cucalyptus oil, appiied af a concentration of 40% in aucetone, also
had a weak promoting clicct. ‘

i
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Bergamot oil was less irritant than the other citrus oils in the preliminary skin'tests and
proved inactiveasa tumour-promoting agent. In fact, this result fits in with the general thesis
that the terpene hydrocarbons are responsible tor both the irritant and tumour-promoling
effects. Whereas the other citrus oils mentioned above, orange, lemon, grapefruit, etc. con-
tain approximatzly 907 terpene, 60-70%, of bergamot oil consists of alcohols and esters.
On the other hand, in another test, linalool as a 209 solution in acctone elicited a weak

tumour-promoting response.. Linalool is one of the principle alcohols in bergamot.

Tumour-promotion and tumiour-induction by citrus oils in the forestomach epithelium of mice

A preliminary report has been made of results of the first tests of the activity of lime oil on
the forestomach epithelium of mice (Peirce, 1961) and a full report of all the experiments
has been submitted for publication clsewhere (Field (née Peirce) & Roe, 1965). Here we
will communicate only a brief summary of the firdings. '

The objzact of our exprim:ats was twofold. Firstly to see whether two-stage carcino-
genesis could be demonstrated in tissus other than the skin and sccondly, to ses whether
citrus oils act as tumour promoters in the gastro-intestinal tract.

_ Previous attzmpts to induce tumours of th2 stontach in mice by “small” doses of poly-
cyclic hydrocarbons followed by croton oil {(Borenblum & Haran, 1955) failed, possibly
because the dose of the hydrocarbon was excessive in view of the high susceptibility of the
epithelium of the mouse forestomach to tumour-induction (Bock & King, 1959). In her
experiments, thercfore, Peirce (1961) tested various much lower doses of BP or DMBA,
cither alone or followed by repeated treatments with lime oil. The technique was as follows:
mice, whan 6-8 weeks old, were starved overnight and given the requisite dose of BP or
DAMBA dissolved in 0-03 ml of poiyethylene glycol (PEG of averaze mol wt 400). Threz
wecks later sccondary treaiments were begun. These consisted of once-weekly doses of
0-05 ‘ml undiluted lime oil, or no treziment, following overnight starvation. The only
tumours observed in the gastro-intestinal tract were in the stomach. Tumours of the
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glandular stomach were infrequent and their occurrence showed no relation to treatment.
Forestomach tumours arose in response to treatment with BP alone or DMBA alone,
parcticularly at the higher dose levels. However, sccondary treatment with lime oil for
periods up to 40 weeks consistently and significantly increased the incidence of fore-

{
)

7.-" 3 stomach tumours (Fig. 9). i

i In mice killed at the cessation of 40 weeks of secondary treatment the vast majority of |
| T tumours were benign papillomas. However, malignant tumours were seen occasionally - 1
LTS |

before this time and more frequently in animals allowed to live longer. Every one of 12
malignant forestomach tumours, all examined histologically and all showing penetration
of the muscular coats of the stomach, arose in animals treated with both hydrocarbon and
lime oil: none were scen in comparable mice treated with hydrocarbon only. Transperi-
toneal spread and distant metastases were observed in some cases. ‘

Occasional benign, but no malignant, tumours were seen inmice treated with PEG and no

”

.
Aual WA m s

»
. .
aTil -

- ‘,i further trcatment, or PEG followed by lime oil (Fig. 9).
| o Urethane dissolved in water followed by lime oil once weekly gave rise to a fcw fore-
- .} » stomach papillomas, wherms urethane without subsequent treatment was almost incffec-
o tive.
l ¢ Heating the lime oil under a reflux condenser for 3 hr d1d not abohsh its tumour-pro- -
" ’ moting activity for the forestomach cpithelium. -
L In other experiments lime oil was incorporated in the diet of mice and comparisons were
N made between animals receiving 50 :g BP by stomach tube and then fed dicts containing
N various levels of limz oil or no lime oil at all. The presence of lime oil in the diet at all

levels (0-5,.2 or § inl'kg) increased the incidence of papillomas of the forestomach. In this
exp-riment there was no effect on the incidence of malignant forestomach tumours.

v A less clear-cut result was obtained in mice given “orange squash” instead of drinking
water following a sinale dose of 50 .g BP. Tn this case treatment with squash appearad to

~ increase the incidence of forestomach tumours, but the extent of the increase bore no
e relation to the concentration of orange oil in the squash. A subsequent experiment with
1 orange squash, using a different strain of mice, gave a negative result.
¥ ‘ ‘
< Carcinogenicity of sufrole .
. 4. . 3 . 3
L. Another component of many esscntial oils but especially of sassafras oil, namely safrole
{ (Fig. 10) has recently come into the news 2s a possible environmental carcinogen. Safrole
- is 2 major constituent of sassafras oil, star anise oil and camphor oil, and a minor con-
,l _
O——(H, O—CH,
4
o N 0
i N
-
o CH—CH="CH, CHO
2F cells. « 8S. : Satrole Helictrop:n )
{ Pweromail

-

F1G. 10. Possible carcinogenic components of essential oils.

stituent of oil of nutnizg and cinnamon Teaf oil. It has been used widely as a Mavouring
. o

by

agcnt in ‘root beer’ (a beverare consumed in larre volumes in North America), in chewing
2 = ’ o
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gum, toothpastes and certain pharmaceutical preparations. Safrole itself, but more fre-
quently heliotropin, a related aldehyde, is used to scent soaps and cosmetics.

Homburger, Kelley & Fricdler (1961) reported the induction of hepatic tumours in rats
fed safrole at 1% in the dict. Tumour-induction was preceded by cirrhosis and the accumu-
lation of massive deposits of ccroid pigment. Most of the tumours were benign. Occasionally
adenomata were seen in the absence of cirrhosis. Tumours were more prominent in animals
fed a casein-supplemented than a protein-deficient dict. Long, Nelson, Fitzhugh & Hansen
(1963) were able to confirm the findings of Homburger er al. (1961) using only 3 0:59,

dictary level of safrole.

NATURAL PRODUCTS OTHER THAN ESSENTIAL OILS

An investigation of certain euphorbia latices ]

When we first began our investigation of the biological activity of the euphorbia latices
we did not realize that there was a possible relationship between them and the essential
oils (vide infra).

Dr. J. Fawcett at the London Hospital drew our attention to the fact that some of the -

euphorbia latices are highly irntant for the human skin and mucous membrancs. He
thought it might be of interest to test them for tumour-promoting activity since Crofon tig-
Jium, which provides croton oil, is of the cuplhorbia family.

Most members of the cuphorbia family have it in common that when their stems arc cut
a thick white latax exudes and evertually conzulates, During the war, when Britain was
deprived of its source of natural rubbar by the Japanese occupation of Malaya, the latex of
E. ingens was cxamined 10 see if it could act as a substitute. However, it proved too irritant
to handle on a lurge scale. '

In 1959, we tested the latex of E. ingens on mousc skin (Roe & Peirce, {961; Peirce &
~ Roe, 1962). It evoked marked hyperpiasia and ulceration of the cpidermis at concentrations
above 19 in acctone. At 197 and lower concentrations it caused hyperplasia without
necrosis. A 19 solution in acetone proved to be highly eflective as a tumour-promoting

agent (Table 5).

Table 5. Tumvur-promotion by lutex of Euphorbia ingens in *101" strain mice

Initiating .
treatment Promoting No. of surviving Total no. of
(ug DMBA) treatment mice with papillomas papiliomas
300 None 01y 0
300 0-1-2°, extrast of 12,20 ' 54
latex of
. Euphorbiua ingens ) .
None Do. : 117 : 1

Subscquently, with the help of tiie Royzl Botanic Gardens, Kew, London, we tested several
other cupirorbia latices both for irritant and tumour promating ctlvcts on mouse skin.
Several were found 1o be highly or moderately active in both respects. On the whole, the two
types of activity went hand in hand. Tic most efective latex was that ot L. tiruculli (Table 6).
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“Table 6. Tumour promotion by various euphorbia latices for skin of mice

Promoting trcatment ) : .
(1 % acctone extract Hyperplastic changes No. of surviving Total no. of
once weekly) in epidetmis mice with papillomas papillomas

DMBA INITIATING TREATMENT (150 ug)

None —_ 0/20 0
E. tirucalli +4+T 15/15 " 358
E. grandidens + 4+ . 13/16 ) 163
E. canariensis +4+ 10/17 103
 E. wulfenii o4+ 11/18 - 69
E. candelabrum -+ ’ 15/19 68
E. obovalifolia s e ae 7/20 40
E. abyssinica + 10/19 28
E. cooperi + 3/18 4
E. triangularis + 1/20 1
NO INITIATING TREATMENT
E. tirucalli : ++++ 2/20 2
E. grandidens +++ 0/17 .0

The complete chemistry of these latices is not known but it is clear that we are once.again
involved with terpene chemistry. According to Warren & Watling (1958), two of the majos
constitucnts of the resin derived from E. tirucalli are triterpene alcohols (Fig. 11).

R CHg—C—CH, CH 5 CH==CICHy ), {Tirucaltol)

CHy
R==H——C—CH, CH ,-CH==C(CH ), (Euphal)

FiG. 11. ‘Major constituents of resin of Euphorbia tirucalli.

The discovery of the strong promoting activity of the euphorbia latices is especially .
interesting becausz it is the first time that azents of the same order of potency as croton oil
have conte to lizht.

Carcinogenicity of tannins ,

The late Professor Korpassy was the first to draw attention to the fuct that hydrolysable
tannins may give rise to cirrhosis and liver tumours in rats (Korpassy, 1961). Morcover
Kirby (19¢9), ut the Chester Beatty Institute, London, induced both liver tumours. and
tumours at the site of injection of three diiferent condansed tannins. With three hydrolys-
able tannins, myrobatans, chestaut and valonei, liver tumours but no local neoplasms were
obtained. ) :
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Tumour-proniotivn by cashew-nut shell liquid

The liquid obtained from the shells of cashew nuts contains phenolic substances of value
as raw materials in the manufacture of resins, lubricants and plastics. Its main constituents
are anacardic acid (909%) and cardol ( 10°2) (Fig. 12).

CisHyr Catrr
COOH
OH  HO o
Anacardic acid Cardol

FiG. 12. Main constituents of cashew-out oil.

The liquid is a cause of occupational dermatitis. (Schwartz, Birmingham, Campbell &
Mason, 1945), the irritant propertics being associated mainly with cardol, which is chemi-
cally related to urushiol, the irritant factor in poison ivy. ’

We tested it in mice to see whether it caused epithclial kyperplasia. On finding that it did
so we procecded to test it for tumour-promoting activity.

Twenty ‘101’ strain mice were given a single application of 150 g DMBA and then once -

weekly applications of 3-57; cashiew nut oil in acetone. Of 15 mice which survived for 20cr
more weeks, 12 developed papillomas. A total of 41 papillomas arose in these 12 mice. We
saw no malignant tumours in this particular expsriment.

GENERAL DISCUSSION )

Takirg the essential oils together as 2 group it is clear that we have relatively little precise
knowledze regarding the toxicity of many of their mzjor constituents and next to none
regarding the majority of their minor constituents or oxidation products.

The fact that most of the oils have bzen used through the centuries by manas flavourings,
aids to digestion, perfumes and medicires, may be taken by some to be a guarantee of their
safety for man. However, this evidencs alone is insufficient to warrant the unrestricted use
of matcrials which have not been properly examined in the laboratory. Some chronic toxic
effects, including carcinogsnesis, are insicious, and detecting cause and effect retationships
is no easy matter. The dramatic story of aflatoxin has taught us, or reminded us, of another
thing. A knowledze of the toxicology of only the myjor constituents of @ mixture is not
enough. Biologicully, significant toxicity may be attributable to a substance present in only
a trace amount, or to a substance which is present under some, but not other, circumstances.
It seems then that if continued use is to be made of essential oils, particularly in food, or as
acrosol sprays, sooner or later a svstematic study will have to be made of the pharmacology
and chronic toxicity of all their constituznts. One would not wish to exaggerate the urgency
of this need. No doubt there are many other insuflicicntly investigated enviromneatal
factors which merit greater concern. On the other hand, in the event of man suddenly

increasing his degree of exposure to traditional environmental factor, le ceases to be’

“protected” by the esafety” guarantee provided by the tradition. For this rcason we are

bound to take a serious view, for example, of the increased use in recent years of safrole in

root beer.
In general it is right that we should spend a great deal of energy in making sure that in the
course of advancing in the ficlds of food and cosmctics technology we do not add new

B
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carcinogens or other toxic agents to the environmsent. However, it should be emphasized

" that if all our energies are spent in this way, and even if we were 1009 successful in these
endeavours, we should do nothing to lower the incidence of cancer or other forms of

intoxication which are attributable to factors already present in the environment. In other
words, if we wish to reduce the present incidence of cancer in man we must examinc most
carefully all the factors which go to make up his traditional environment. In this.connexion
a careful and thorough study of the essential oils is long overdue.

Acknowledgements—Most of the experimental work referred to was performed in the Cancer Research
Department, London Hospital Medical Cotlege, London, E.1, and was supported by a block grant from the
British Empire Cancer Cumpaign.

We are grateful to several members of the technical stafl of that department for their help, to the Photo-
graphic Department of the Chester Beatty Research Institute for some of the illustrations. and to Mrs. K.

Foster for her assistance i preparing this manuscript.

REFERENCES

Berenblum, 1. (1941). The cocarcinogenic action of croton resin. Cancer Res. 1, 44.

Berenblum, 1. & Haran, N. (1933). The influence of croton oil and of polycthylene glycol 400 on carcino-
genesis in the forestomach of the mouss. Catcer Res. 13, 510. -

Berenblum, I. & Shubik, P. (1547a). The role of croton oil applications associated with a single painting of a
carcinogen, in (umour-induction of the mouse's skin. Br.J. Cancer 1, 379.

Berenblum, I. & Shubik, P. (1947b). A ncw guantitative approach 1o the study of the stages of chemical
carcinogenesis in the mouse’s skin. Br. J. Cancer 1, 383,

Berenblum, 1. & Shubik, P. (1959). The persistence of Jatent tumour cells induced in the mouse's skin by 2
single application of 9 10-dimethyl-1:2-benzanthracene. Br. J. Cancer 3, 384,

Bock, F. G. & Kinz., D. W, (1959). A study of the sensitivity of the mouse forestomach toward certain
polycyclic hydrocarbons. J. nain. Cancer Inst. 23, 333,

Ficlé®, W. E. H. & Rog, F. J. C. (1855). Tumer premotion in mouse forestomach epithelium by orally
administerad citrus oil, J. ran. Carncer Inst. In press.

Homburger, F., Kelley, T. & Fricdler, G. (1961). Nutritional factors modifying hepatic adenomatosis
induced by safroie (4-:\!1:-‘1-!,‘.‘-nm:'.;:.'ldioxyb;n:cn:). Proc. JAnm. Ass. Cancer Kes. 3, 236,

Kirby, K. S. (19€0). Induction of tumours by tannin extracts. Br. J. Cancer 14, 147,

Korpassy, B. (1961). Tannins as hepatic carcinogens. frog. €xp. Tumor Res. 2, 245, o

Long, E. L., Nclson, A. A., Fitzhugh, O. G. & Hansen, W. H. (1963). Liver tumors produced in rats by
fecding safrole. Archs Pacli. 75, 595.

Mackenzie, 1. & Rous, P. (1341). The experimental disclosure of latent neoplastic changes in tarred skin.
J. exp. Med. 73, 391, . . )

Peirce, \W. E. H. (1561). Tumour-promotion of lime oil in the mouse forcstomach. Narure, Lond. 189, 497.

Peirce, W. E. H. & Roz. F. J. C. (1962). Dose-response in tumour promotion by Euplorbia tirucalli latex.
Oucologia, Bascl 13,159

Roe, . J. C. & Pare, W, . HL (1960). Tumor promotion by citrus oils: tumors of the skin and urethral
orifice in mice. J. ratn. Cancer Inst. 24, 1389, ’

Roe, F. J. C. & Peirce, W, E. H. (1véh. Tumor promotion by cuphorbia latices. Cancer Res. 21, 338,

Salaman, M, I & Ree. F.J. C. (1933). lncomplate carcinogens: cthyl carbamate (urethans) as an initiator
of skin tuntour formation in tag Mouse, ke J. Cancer 7,472,

Schwartz, L., Birminghani, D. 3., Campiell, P. C. & Mason, H. S. (1945). Skiu hazards. Ind. Med. Surg.
14, 500,

Shubik, P. (1950). Studies on the promotiny phuse in the stages of carcinogenesis in mice, rats, rabbits and
guinea pigs. Caricer Res. 10, 13, .

warren, F. L. & Watling, K. H. (1958). The cuphorbia resins. Part X: The structural differences between
cuphol and tirucallol. J. ciem. Sve. p. 179, ' . .

*Née Peirce.




- wnfle

e —— A « SO G - [ PR AL

- L

PUPRY ISR SRS 8

-—

The Complexing Action of Eugenol on Sound Dentin

SAUL J. ROTBERG® and D. 0. deSHAZER

Callege of Dentistry, Uniersity of Nebraska, Lincoln, Nebraske

SYNOPSIS IN INTERLINGUA

Le Action Cosprexatort b EuckrNor Surkr DENTINA Nonwar.—Jugenal a oxydo de zine (IW0Z) in
applicationes clinic mollifica le dentina. Fugenol 0 aqua esseva addite in un proportion de 10:1 per pesa a

dentina in scctiones de 130 p. Le concentration de

Ca in cugenol aceresceva a 21,5 myg per 100 ml intra 6

septimanas. In le systema de controlo a aqua le correspondente valor esseva 3 mg per 100 ml. Misturas de
EOZ csseva applicate a sectiones de dentina ¢ ke blocos de EOZ esseva tincturate pro Cat**. Le acceptation
de Cat* esscva positive ¢ le controlo esseva negative. Iste dates demonstra le capacitate de cugenol e de
EOZ de remover Ca** ab dentina, possibilemente con le formation de un chelato.

The past scveral decades have brought forth
pumerous investigations of the propertics
and uses of zinc oxide-cugenol (ZOE) mix-
tures. Of particular interest to those study-
ing these mixtures has Leen the mechanism
of the sctting process. In 1955, Copeland
and coworkers,! using x-ray difiraction data
and infrared absorption spectrums, demon-
strated that zinc eugenolate Zn(CiotH0O2)z,
a metallo-pyrocatechol complex or chelate,
was formed during the sclting process.
They also extracted the excess or unreacted
cugenol from the set mix with chloroform.
Approximately 05 per cent of the cugenol
was extractable with chloroform from a zine
oxide and cugenol mixture with extremely
finc-particle zinc oxide, and approximately
85 per cent of the cugenol was similarly
extractable from a zinc oxide and eugenol
mixture using commercial grade zinc oxide
of moderately large particle size.

Since cugenol can form a chelate with
zinc ions, it was speculated that it could
form a chelate with calcium ions. The known
properties of calcium, namely its coordina-
tion number and ionic radius, would not be
prohibitive to the proposed calcium cu-
genolate. Martell and Calvin? have shown
that such replacement of zinc by calcium

This study was supported in part by U.S. Public Health
Service Rescarch Girant D[-01996-02 from the National Insti-
tute t;fllicnlal Research, National Institutes of Health, Bcthes-
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docs occur in the ethylencdiamine com-
plexces. -

After the clinical application of zinc
oxide and cugenol on sound dentin in this
laboratory, the underlying dentin was ob-
scrved to be slightly to moderately softer
than prior to the application. Inlight of the
clinical observation and the reports on the
chemistry of the setting mechanisin, it was
thought that the action of both cugenol and
a mixture of zinc oxide and cugenol on
sound dentin should be investigated.

Materials and Methods

SELECTION OF DENTIN SAMPLES,—Thirty-
seven third permanent molars, completely
formed and without carious lesions or struc-
tural anomalics, were collected from the De-
partment of Oral Surgery, College of Dentis-
try, University of Nebraska. Immediately
after extraction, cach tooth was placed ina 4
per cent formol. A sectioning machinet
with a water spray was used to separate the
roots of the teeth, and the cnamel was re-
moved under a continuous spray of water.

Twenty-five crowns were sectioned. Two
satisfactory sections, 150 u thick, anatomi-
cally located between the dentinoenamel
junction and the pulp chamber, were ob-
tained from each of the 25 crowns. On each
scction, a rectangle 6.7 mm. by 6.4 mnu.
was drawn. The dentin peripheral to the in-
scribed rectangle was removed from each
section. The two scctions from cach crown
were weighed as a unit and placed in 4 per

§ Hameo Thin Secctirning Machine, Hamco Machines Inc.,
Rochester, N.Y.
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25

5 o 6
WEEKS

FiG. 1.—The effect of time on the removal &f
calcium from dentin slices, 70 u thick, with cugenol
and with water. Liquid-solid ratio was 10:1 by
weight.

20 25 30

cent formol in separate containers. The two
slices from each crown weighed approxi-
mately 150 mg.

The remaining 12 crowns were sectioned
in the same way; however, the slices were
70 u thick, resulting in three or four sections
per crown. The sections were not inscribed
with a rectangle but werc stored in formol
in their original containers after being
weighed as a unit.

ACTION OF EUGENOL ON DENTIN.—Eu-
genol was added to 18 pairs and water was
added to seven puairs of dentin rectangles.
The proportion of liguid to dentin was 10:1
by weight. The samples were placed in a
vibrating apparatus from which samples
were removed al periodic intervals, The
calcium content of the liquid phase from
each sample was determined by the Ferro-
Ham method.? The method was maodified
by adding 0.25 ml. of a 1:1 alcohnl-cther
solution to 1.00 ml. of cugenol to increase
the solubility of the latter. Preliminary
studies demonstrated that this modifica-
tion did not alter the quality of the methoxl.
Calcium determinations were also performed
on water and cugenol contamination con-
trols at the end of the experimental period.
All calcium determinations were run in
triplicate, using appropriute calcium stand-
ard solutions for verification,

Historocic evaruation.—Three groups
of 70-p sections were treated as follows: 13
sections were placed in cugenol, ten sections

J.dent. Res, March A prit 1opg

in distilled water and another ten sections
in a § per cent solution of disodium ethyl.
encdiaminetetraacetic acied (KDTA). The
pll was 8.0, The proportions were by weight
as above. All of the samples were vibirated
for 3 weeks, except for three of the cugenol-
treated samples that were vibrated for three
additional weeks. All scetions were treated
with the von Kossa staining technict for
the identification of the relative amounts of
calcium remaining in the various dentin
scctions. i

ACTION OF ZINC OXIDE-EUGEXNOL oOf
DENTIN.-—Zinc oxide-cugenol mixtures were
prepared by adding 2 drops of eugenol from
a 1-ml transfer pipette to 250 mg. of zing
oxide. Mixtures were applied to seven 70-p
dentin sections, placed in plastic containers
and incubated at 37° C. for 6 wecks.

The ZOE mixtures were separated from
the dentin sections in toto and analvzed for
calcium by staining the ZOE block by
the Glycoxal* bis (2-hydroxyanil) method
{GBIHA method) of Kashiwa and Atkindon.’
The intensity of the stain on the surface of
the ZOE block that was adjacent to the den-
tin was then compared with the opposite
surface, which was not cxposed to the tooth
tissue.

Results

The amount of culcium removed from the
dentin samples by eugenol in 30 weeks is
shown (Fig. 1). The calcium values repre-
sent an average of three determinations,
There is a large increase in the calcium con-
centration of cugenol during the first 6
weceks, rising from 6 mg. /100 ml. to approxi-
matcely 22 me /100 mib, Fron the sixth week
to the end of the experimental period, the
values  remain essentially constant,  the
average being 21.5 mg. /100 il The lowest
reading during this period was 20,9 mg. /100
ml., and the highest was 23.0 mg. /100 ml,

The amount of calcium removed from the
dentin samples by distilled water during a
20-week period is also shown (Iig. 1). Dur-
ing the first 4 weeks, the caleium concentra-
tion was not dctectable; from 6 to 20
weeks, the value increased from 2.8 mg. /100
ml, to 4.1 mp./100 ml. A 30-week contral
was not-available; however, it is expected
10 be close to 4.0 mg./100 ml as the trend
of the values from 8 to 20 weeks ap-

]

* Glyco Chemicals, Division of Chas. L. Huisking & Co,
New York.
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pears to be leveling off. The calcium con-
tamination controls measured at the end of
the experimental period were nepative.

The dentin samples treated with water,
cugenol, and EDTA, respectively, for 3
weeks were stained with von Kossa's stain.
These were rated from 1 o 6 accovding to
the relative staining intensity. The water
controls had a relative staining intensity of
6, indicating a considerable quantity of
calcium staining salts. The dentin samples
exposed to cugenol for 3 weeks had an aver-
agre valie of 4, and the three sections €x-
posed 1o cugenol for 6 weeks had an average
value of 3, indicating less calcium content,
The sections of dentin treated with EDTA
were devoid of any stain, indicating that the
calcium was completely removed,

The ZOE mixtures that were scparated
in toto from the dentin sections were stained
by the GBHA method for the presence of
calcium ions. The surface adjacent to the
dentin stained red, indicating the prescnce
of calcium ions, whereas the surfaces not
exposed to dentin were devoid of any stain.

Piscussion

As shown (Fig. 1), eugenol has the ability
to initially remove calcium from dentin at
a rather rapid rate. The values from the
sixth-week to the end of the experimental
period are quite stable in spite of the large
excess of eugenol. A diffusion barrier might
possibly exist at the cugenol-dentin inter-
{ace. This could be evaluated experimentally
by increasing the revolutions per minute of
the mixing device: an increase of revolutions
per minute should lead to an increase in the
amount of calciwm in the cugenol phase.

During the process of stundardizing the
experimental procedures, different types of
cugeiol were evaluated. Tt was found that
the chelating ability of eugenol varied with
the different types of cugenol. Tt also ap-
peared, that the older cugenol was less ef-
fective in removing calcium ions from den-
tin. Because of the shortage of samples, this
was not established. The cugenol finally
selected exhibited good chelating ability.

The reliability of von Kossa’s stain was
tested by means of partially decalcifying
several tooth scctions and comparing the
amount of calcium removed from the speci-
mens with the intensity of the stain. It was
found that the intensity of the stain dimin-

TITE COMPLEXING ACTION OF EUGENOL ON SOUND DENTIN 39

ished proportionatcly with_an increasing
amount of decalcification. In several sec-
tions that were completely decalcitied, the
stain was completely absent. The results
obtained from the dentin samples treated
with von Kossa’s stain indicate that cugenol
is capable of removing more calcium from
the dentin sections than water. The chelat-
ing propertices of cugenol are significantly
more limited than the chelating ability of
EDTA when both chelators are used in the
same proportions. It can be speculated that
cugenol would eventually decaleify the tooth
sections completely if changed periodically.

Brauer and associates' showed through
x-ray diffraction and infrared studies that
not all of the eugenol eutered into the forma-
tion of the zinc cugenolate. They also con-
cluded that 85 per cent of the cugenol can
be recovered after the setting of 7O mix-
tures. The results of this study indicate that
the cugenol that does not enter in the setting
mechanism of the ZOE mixture is capuble
of chelating calcium ions from dentin. Be-
cause of the difficulty involved in complete-
ly separating the Z0E mixtures from dentin,
it was not possible to make guantitative
determinations of the amount of calcium
removed from the dentin sections.

"The failure of ZOE to produce a calcified
bridge of secondary dentin at the site of
pulp exposure has been reported by several

investigators® 7 It may be possible that the

complexing action of cugenol with calcium
prevents the mincralization of the collugen
matrix formed beneath the site of pulp ex-
posure, thus preventing the formation of a
dentin bridge.

Although the lahoratory procedures were
not intended to duplicate the clinical ap-
plication of ZOE, it is belicved that the
softening of sound dentin beneath a ZOE

mixture is explained on the basis of the

cugcenol's ability to complex with calcium.

Summary
The action of cugenol and a mixture of

sinc oxide and cugenol on sound dentin was

studied by chemical and histologic mecans.
Both demonstrated the ability of eugenol
and ZOFE mixtures to progressively remove

calcium from dentin. The softening of sound .

dentin beneath clinically applicd ZOT mix-
tures was thought to be a result of the
complexing action of cugenol with calcium.
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Protistacidal (Protozoacidal) Action of Essen£1a1 0ils and of Some
Organic Compounds : L

M.N. Rotmistrov, E. I. Gendenshtein and N. V. Matveenko

Microbiological Laboratory. (Director -- Pfof. M. N. Rotmistrov) of

the Xharkov Scientific-Research Chemico-Pharmaceutical Institute

with the purpose of investigating new antitrichomonadal agents, at the
¥harkov SCientif;c-Research Chemico-Pharmaceutical Institute, studies were car-
ried out on the protistacidal action of a number of essential oils and of other
organic substances of vegetative origin. | .

In the capacity of a testing object, use was made of Paramecium caudatum
and of frichomanas.vaginalis, A loop of the substance under study, in & suit-
able dilution, was mixed on a coverglass with a loop pf Infusoria cultgre or
with a loop of trichomonadal suspension in a physiological solution, obtained
from patients ill with trichomonadal colpitis. The protistacidal action was
studied in a suspended drop under a microscope. The authors made a study of
essen£1a1 oils -~ geranium, clove, eucalyptus, dill, lemon, lavender, cow
parsnip, poplar, tansy, and wormwood (the four last-mentioned oils were ob-
tained by senior scientific worker 2. V.-Sova;a of the KhNIKhFI (Kharkov
Scientific-Research Chemico-Pharmaceutical Institute). 1In addigion to this,

a study was made of organic compounds that represent the components of the
essential oils: aldehydes -- anisal, benzoic, cinnamic, para-butylbenzoic;
aliphatic saturated alcohol -- octanol; phenols -- para-butylphenol, methyl-
tertiary butylphenol, methylethylpropylphenol, para-isoheptylphenol, ortho-
propenylphenol, para-isopropylphenol, para-isoamylphenol, isoeugenol, cyclo-
geraniol; mono-cyclic terpene -- limonene.

Of the essential oils, the strongest action on the Infusoria was manifested

by the geranium, lemon and clove oils, which brought about the destruction of

the Protozoa in dilutions of 1 . 1ominus 5 _y . jomnus 6. The cowparsnip,
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poplar, tansy, wormwood, and eucalyptus oils acted in dilutions of 5 . pominus 4

Among the tested chemical compounds, the most effective turned out to be the

phenols, which brought about the destruction of Infusoria in dilutions of

5. 10““"mls 4. 5. 10minus 5 in less than 1 minute, and in dilutions of
1. ldninus 6, after a 1 - 4 minute action. The dissolution of the substances

being tested, in a 2.5% solution of glycerin; noticeably intensified their
protistacidal activity. |

In carrying out tests on trichomonads it was established that the strongest
antitrichomonadal properties were possesses by para-butylphenol and methyl-

minus 5 _

tertiary butylphenol, which acted in dilutions of 1 . 10 1.

lominus 6. The cow parsnip, poplar, geranium, and clove ‘0ils, and also, cin-~
namic aldehyde, isoeuge